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FATIGUE  EFFECTS  ON  HUHAN  PEILF0RM^\NCE  IN  COKBAT: 
A  LITERATURE  REVIEW 

XmODUCTION 


BishErwund 

This  rsport  constitutes  s  lltersture  review,  conducted  ss  psrt  of 
research  performed  for  the  U.S.  Army  Research  Institute  for  the  Behavioral  and 
Social  Sciences  (USARI)  under  the  terms  of  contract  number  MDA903>8b>C-04'^8. 
Hie  research,  entitled  "Building  Human  Variables  Into  Cotd>at  Models,"  was 
performed  by  a  team  led  by  Vector  Research,  Incorporated  (VRI)  as  prime 
contractor,  with  Horlsons  Technology,  Incorporated  (HTI)  and  Essex  Corporation 
as  subcontraotors .  The  research  was  Initiated  In  September  19B6.  Dr.  David 
H.  Fromlsel  of  USARI  Systems  Research  Laboratory  was  the  Contracting  Oi.f leer's 
Technical  Representative  (COTR).  Dr.  Irving  Alderman  served  as  deputy  COTR 
and  made  significant  contributions  to  the  research  directions  snd  the  research 
Itself. 

The  objectives  of  the  research  aaseolated  with  "Building  Human 
Variables  Into  Combat  Models"*  derived  from  perceived  shortcomings  of  the 
combat  models  and  analyses  performed  in  support  of  Army  decision  making, 
and  from  the  expectations  thAt  "soldiers  on  future  battlefields  will 
experience:  high  Isthsllty,  high  disability,  high  stress,  significant 
caaualties  In  rear  areas,  severe  sleep  deprivation,  low  light  levels,  and 
operations  during  normal  sleeping  hours,"*'  The  technical  objectives  as 
provided  In  the  Statement  of  Work  were  "to  identify  human  variables  chat 
are  expected  to  Influence  predictions  of  combat  effectiveness,  to  develop 
procedures  for  measuring  these  variables  and  collecting  data,  and  then  to 
estimate  the  nature  snd  level  of  their  effects."  Research  performed  by  the 
team  to  accomplish  these  objectives  la  summarlxed  in  this  introduction. 

This  volume  presents  the  results  of  the  literature  revlsw. 


AaBIOflfih 

Two  principal  casks  ware  included  In  the  research  program.  The  first 
cask  was  to  develop  a  conceptual  framework  "for  Inquiry  Identifying  the 
range  of  variables  to  be  examined  and  the  types  of  hypotheses  to  be 
Investigated".  This  development  required  chat  the  following  factors  be 

addressed: 

(1)  level  of  detail  (e.g.,  global  versus  mission  versus  task* 
specific) ; 


‘cherry,  W.P.,  Davis,  R.E.,  Brecht-Clark,  J.  (1988).  Building  Human 
Variables  Into  Combat  Models  (ARI  Research  Note).  Alexandria,  VA:  U.S.  Army 
Research  Institute  for  the  Behavioral  and  Social  Sciences,  (In  process) 

**DePuy,  William,  "Concepts  of  Operation:  The  Heart  of  Command,  The  Tool  of 
Doctrine",  Army,  August  1988,  pp.  26-40. 
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(2)  scope  (e.g.,  type  of  terrain  and/or  mission,  nature  of  enemy 
threat);  and 

<3)  anticipated  complexity  (e.g.,  simple  "decrement"  factors  to 
adjust  soldier  perforotance  under  specified  conditions  such  as 
fatigue  versus  more  complex  sacs  of  relationships  with  multiple 
interacting  variables. 

Thi  development  of  a  preliminary  version  of  Che  conceptual  framework 
was  the  finbt  aubtaik  in  the  research  program,  It  was  based  upon  review  of 
material  from  three  sources:  (1)  a  subject  matter  expert  with  extensive 
experience  in  combat,  in  training,  and  in  command;  (2)  anecdotal  accounts 
of  battle,  including  autobiographical  and  biographical  literature  and 
military  history;  and  (3)  the  behavioral  science  literature.  The  develop¬ 
ment  also  drew  on  Che  experience  of  the  research  team  with  the  National 
Training  Center  (NTC)  and  with  combat  modeling  and  analysis. 

The  review  of  the  behavioral  science  literature  constituted  the 
second  subtask,  and  it  was  given  a  particular  focus  and  scope,  namely,  it 
was  restricted  to  material  related  to  fatigue  and  its  role  in  combat,  This 
approach  was  adopted  for  a  number  of  reasons.  First,  the  nature  of  combat 
envisioned  by  AirTjind  Battle  Future  involves  continuous,  high  stress 
operations  and  understanding  fatigue  is  very  important.  Second,  a  series 
of  field  studies  involving  fatigue  were  scheduled  to  occur  during  the 
period  of  Che  contract,  and  it  was  hoped  that  these  experiments  could  be 
utilired  in  a  serendipitous  manner. 

The  literature  on  fatigue  and  related  stressors  likely  to  be 
encountered  in  the  battlefield  is  enormous,  but  much  of  it  is  not  helpful 
from  the  viewpoint  of  performance  problems  posed  by  continuous  operations . 
To  constrain  the  literature  search,  which  included  the  data  bases  of  the 
Defense  Technical  Information  Center  (DTIC) ,  and  the  National  Technical 
Information  Service  (NTIS) ,  we  employed  a  strategy  chat  required  report 
titles  to  include  not  only  key  terms  such  as  fatigue  and/or  stress,  but 
also  performance.  Special  searches  were  also  conducted  on  "human  variables 
in  combat",  "combat  fatigue",  and  "combat  stress".  These  initial  searches, 
plus  a  sizable  reference  list  of  our  own  on  fatli'ue  and  other  stressors, 
created  a  large  inventory  of  possibly  relevant  a  tides  and  technical 
reports.  Titles  and  abstracts  were  then  thorou(|,hly  screened  for  apparent 
relevance  to  long  term  performance,  loss  of  sleep,  and  other  stressors 
likely  to  be  encountered  in  a  combat  environment  (e.g.,  heat,  noise, 
vibration,  enemy  action).  This  search  procedure  was  generally  followed 
until  the  reference  lists  of  newly  acquired  documents  showed  a  high  degree 
of  overlap  with  these  previously  acquired. 

Data  bases  of  DTIC  and  NTIS,  as  well  as  HedLine  were  searched  for 
studies  involving  physical  fatigue  and  related  stressors.  Relevant  areas 
in  this  search  included  physiology,  muscle  strength,  endurance,  and  rest 
and  recovery  periods.  While  reports  of  studies  involving  continuous 
operations  and  physical  work  from  the  military  community  were  preferred, 
relevant  industrial  or  laboratory  studies  involving  repetitive  manual 
materials  handling,  heavy  physical  work,  physical  work  capacity,  and  heat 
stress  were  also  considered. 
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The  third  and  final  subtask  was  to  refine  the  preliminary  conceptual 
framework.  This  subcask  was  originally  Intended  to  be  based  on  "findings 
from  the  literature  review  and  Input  from  recognized  military /research 
authorities".  Both  these  sources  were  uused,  however,  results  of  research 
performed  at  NTC  also  played  a  significant  role  in  determining  the  final 
form  of  the  framework. 

The  second  principal  task  of  the  research  program  was  the  estimation 
of  the  effects  of  specified  h'juman  variables  on  the  combat  process.  It 
included  the  development  of  testable  models  and  hypotheses,  preparation  of 
a  research  plan,  development  of  data  collection  instruments  and  procedures. 
Implementation  of  the  research  plan,  and  synthesis  of  the  research  find¬ 
ings  .  These  five  subcaska  were  completed  in  the  context  of  a  particular 
rotation  at  NTC  and  focused  on  the  impact  of  sleep-loss  and  fatigi.ie  on 
combat  effectiveness. 

The  rationale  for  choosing  an  NTC  rotation  as  a  research  vehicle  was 
related  to  an  opportunity  to  "piggyback”  on  other  research  scheduled  well 
before  the  Initiation  of  this  study.  For  the  rotation  in  question,  the 
Walter  Reed  Army  Institute  of  Research  <WRA1R)  had  instrumented  68  soldiers 
(primarily  members  of  the  battalion  staffs,  the  company,  and  the  platoon 
leaders)  with  wrist  monitors  which  measured  activity  as  a  function  of  time 
over  the  14  days  of  the  rotation.  For  the  same  rotation,  the  Leadership 
and  Management  Technical  Area  of  the  USARI  Training  Laboratory  conducted 
research  on  platoon  leadership.  It  was  the  opinion  of  the  research  team 
that,  if  the  NTC  digital  data  base.  After  Action  Reviews  (AAR),  and  Take 
Home  Packages  (THF)  could  be  analyzed,  that  an  understanding  of  the  link 
between  fatigue,  leadership,  and  battalion  effectiveness  might  be 
developed.  Accordingly,  research  plans  were  prepared  to  investigate  the 
link  between  fatigue  and  platoon  leadership  using  WRAIR  and  Leadership  and 
Management  Technical  Area  results*  and  to  investigate  the  links  between 
fatigue  and  combat  effectiveness  using  WRAIR  data,  Leadership  and  Manage¬ 
ment  Technical  Area  data,  and  digital  data,  AAR,  and  THF  from  MTC.** 

HTI  examined  the  observer  controller  and  subject  matter  expert  data 
and  the  WRAIR  sleep  data  to  assess  if  there  was  a  tie  between  sleep 
patterns/levels  and  the  subjectively  rated  unit  performance.  HTI  also 
examined  pre-  and  post-rotation  questionnaires  and  the  resulting  data  on 
leadership,  attitudes,  commitment,  morale,  training  adequacy,  training 
quality,  and  demographics  on  military  and  unit  history  and  responsibilities 
to  assess  possible  relationships  between  sleep  patterns  and  experience, 
longevity  in  the  unit,  and  unit  leadership  ratings. 


Horizons  Technology,  Incorporated  (1987).  Research  Plan  for  Examining 
j:he-Etfectl...Qf  Sleep  Loss  on  Leadership  and  Unit  Performance  at  the  NTC. 
Oakton,  VA:  Horizons  Technology,  Incorporated. 

**Davis,R.  (May,  1988).  NTC  Data  Base  Analysis  (VRI-ARI-9  WN88-1(R)) . 
Ann  Arbor,  MI:  Vector  Research,  Incorporated, 
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The  approach  proposed  for  the  analysis  of  NIC  data  centered  on  the 
concept  of  minibattles,  derived  from  Rowland,*  and  synchronization*  both 
consistent  with  the  early  versions  of  the  conceptual  framework.  Synchroni¬ 
zation  provided  a  basis  for  investigating  a  series  of  hypotheser.  The 
research  plan  focused  on  the  digital  data  base  but  included  analysis  of  AAR 
and  THF.  It  also  included  participation  by  TRADOC  Analysis  Command,  White 
Sands  Missile  Range  (TRAC-VSMR) ,  as  a  source  of  terrain  and  llne-of-sight 
analyses . 

Research  Results 

The  results  of  the  research  program  fall  into  two  categories,  The 
first  category  encompasses  the  conceptual  framework  and  the  associated 
literature  review.  The  second  category  includes  the  hypotheses  and  models 
derived  from  the  conceptual  framework  and  the  research  carried  out  on  the 
MTC  rotation.  The  results  are  summarized  as  follows. 

Conceptual  Framework 

The  conceptual  framework  has  two  principal  components.  The  first 
embodies  a  perspective  of  combat  which  views  the  combat  process  as  result¬ 
ing  from  the  activities  of  small  units,  groups,  or  teams  •-  the  executing 
elements  of  vertical  functional  systems  or  battlefield  operating  systems. 
Two  types  of  small  units,  groups,  or  teams  are  included;  one  that  is  an 
executing  element  and  one  that  provides  command  and  control  ••  both 
vertical  and  horizontal.  The  framework  thus  addresses  all  levels  of  combat 
from  squad  to  theater  and  emphasizes  both  performance  of  tasks  and  missions 
and  the  degree  to  which  synchronization  is  present  among  different  elements 
of  a  vertical  functional  system  and  between  elements  of  different  vertical 
functional  systems,  This  choice  of  "level  of  resolution"  Is  based  upon  a 
requirement  to  represent  the  fact  that  not  all  subunits  of,  for  example, 
battalion,  brigade,  or  division,  are  equally  capable  or  at  any  given  time 
equally  influenced  by  human  variables.  It  also  reflects  an  approach  to 
determining  combat  effectiveness  that  emphasizes  synchronization. 

Given  a  particular  small  unit,  group,  or  team,  the  impact  of  human 
variables  on  its  performance  of  tasks  or  a  set  of  tasks  and  its  behavior  is 
addressed  in  the  second  component  of  the  framework,  which  is  in  a  mathe¬ 
matical  sense  a  set  of  conditioning  arguments  or  implicit  functions 
describing  changes  in  performance  and  behavior  over  time.  The  first 


*Rovland,  D.  (June,  1986).  "Assessment  of  Combat  Degradation".  RUST 
ifiUZXlAl.  33-43, 

**DePuy,  V.  (January,  1986).  "Baseline  Functional,  Organizational,  and 
Procedural  Structure  for  the  Command  and  Control  of  an  AirLand  Battle 
Force  in  a  Joint  Environment",  Briefing  to  Commander,  Combined  Arms 
Center,  both  consistent  with  the  early  versions  of  the  conceptual  framework. 
Synchronization  provided  a  basis  for  investigating  a  aeries  of  hypotheses. 
The  research  plan  focused  on  the  digital  data  base  but  included  analysis  of 
AAR  and  THF.  It  also  included  participation  by  TRADOC  Analysis  Command, 
White  Sands  Missile  Range  (TRAC-WSMR),  as  a’ source  of  terrain  and  line  of 
sight  analysea. 
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"function"  reflects  that  performance,  measured  in  terms  of  task  or  behavior 
selected,  and  time,  accuracy,  and  completeness  of  task  performance,  has  a 
baseline  that  is  a  function  of  basic  abilities,  individual  and  collective 
training,  cohesion  and  leadership,  and  supervision  (by  an  internal  leader). 
The  second  "function"  addresses  envlroruasntal  stressors  and  postulates  that 
exposure  to  these  stressors  together  with  the  Intensity  of  task  performance 
causes  changes  in  baseline  parfomanoe.  The  third  "function"  deals  with  the 
stress ‘recovery  process  and  relates  changes  In  performance  for  a  given  set 
of  environmental  stressors  to  tha  nature  of  the  stress-recovery  process, 

The  final  "function"  deals  with  so-called  intangible  factors  ->  morale, 
motivation,  and  leadership  and  la  based  on  an  assumption  that  these  factors 
primarily  influence  performance  by  changing  the  Impact  of  the  stress- 
recovery  process, 

The  conceptual  framework  leads  to  e  concept  for  addressing  human 
variables  that  involves  decrement  factors  to  be  derived  from  the  four 
functional  forms  described  above,  related  to  time.  It  also  Implies  that  in 
order  to  address  Issues  of  unit  or  formation  effectiveness  relative  to 
human  variables,  analysts  and  researchers  must  represent  the  distribution 
of  positions  in  stress -recovery  cycles  over  the  different  executing 
elements  and  vertical  functional  systems. 

Literature  Review 

The  literature  review  served  two  purposes.  The  first  was  to  provide 
insights  to  the  development  of  the  conceptual  framework;  the  second  was  to 
ascertain  the  degree  to  which  the  literature  could  be  used  as  a  source  of 
data  to  describe  the  impact  of  human  variables  in  combat.  As  noted  above, 
the  literature  review  focused  on  fatigue  and  sleep-loss.  In  this  context 
it  supported  the  emphasis  in  the  framework  on  the  stress -recovery  process 
and  on  the  categorization  Into  small  units,  groups,  or  teams.  In  terms  of 
serving  as  a  source  of  data,  however,  the  review  was  not  as  useful  as  had 
been  hoped. 

Much  of  the  literature  concerning  the  effects  of  fatigue  on  human 
performance,  including  studies  where  military  type  tasks  were  performed  as 
well  as  those  employing  fundamental  psychological  tests,  have  been  incon¬ 
clusive  because  of  improper  experimental  protocol,  the  nature  and  duration 
of  the  tasks  studies,  and  the  type  of  test  device  used  and  when  adminis¬ 
tered.  Many  studies  do  not  report  a  baseline  of  performance,  making  it 
difficult  to  describe  the  effects  of  fatigue  on  performance  in  quantitative 
terms.  In  addition,  there  is  very  little  Information  on  the  combined 
effects  of  fatigue  and  other  battle  related  stressors,  such  as  heat,  cold, 
vibration,  confinement,  and  noise,  as  well  as  real  world  adverse  environ¬ 
ments  and  uncertainties. 

In  addition  to  examining  the  behavioral  science  literature,  anecdotal 
material  was  reviewed.  The  anecdotal  literature  is  a  means  of  establishing 
human  behavior  in  combat  and  is  useful  in  this  regard.  However,  because  it 
deals  with  specific  combat  situations  it  does  not  provide  the  range  of 
situations  nor  the  degree  of  control  necessary  to  develop  quantitative  data 
regarding  human  variables  and  performance . 
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NTC  Research 


The  research  performed  In  conjunction  with  WRAIR  and  the  Leadership 
and  Management  Technical  Area  of  USARl  had  as  its  objective  linking  fatigue 
and  sleep'losa  to  combat  effectiveness  through  small  unit  leadership  and 
battalion  command  and  control.  The  results,  compared  to  this  objective, 
are  at  best  ambiguous.  First,  not  all  the  units  had  instrumented  person¬ 
nel.  Second,  for  those  personnel  for  whom  data  were  available,  it  is  not 
clear  that  the  rest- activity  patterns  realized  are  consistent  with  the 
build-up  of  fatigue.  Given  that  there  is  no  firm  evidence  of  fatigue, 
other  causes  must  be  sought  to  explain  the  combat  results  and  unit  effec¬ 
tiveness.  In  Itself  this  proved  to  be  useful. 

The  analysis  of  combat  dynamics  and  unit  effectiveness  using  the 
digital  data  base,  AAR,  and  THP  was  designed  to  address  four  hypotheses; 

(1)  a  small  unit's  performance  in  delivering  its  "increment"  of  com¬ 
bat  power  is  dominated  by  initial  conditions  which  determine 
opportunities  to  participate: 

(2)  determination  of  initial  conditions  is  dominated  by  leadership 
and  supervision; 

(3)  given  opportunities  to  participate,  the  level  of  participation 
by  individual  systems  does  not  vary  significantly;  and 

(4)  given  a  decision  to  participate,  soldier/systam  contribution 
does  not  vary  significantly.  The  quality  of  the  digital  data 
base  precluded  extensive  analysis  at  the  level  of  detail  ori¬ 
ginally  proposed. 

Nonetheless,  the  evidence  developed  provides  no  reason  to  reject  any  of  the 
four  hypotheses.  Individual  system  performance  was  shown  to  be  at  or 
beyond  standards  in  such  tasks  as  engagements.  The  data  suggested  that  a 
fraction  of  systems  do  not  participate  even  when  given  opportunities. 
Leadership  and  supervision  were  key  to  ensuring  that  tasks  were  initiated, 
in  particular,  engagement  and  synchronization  across  vertical  functional 
systems,  NTC  results  also  provided  examples  of  the  extreme  realization  of 
hypothesis  one  --  units  failed  to  contribute  or  contributed  only  marginally 
because  they  were  in  the  wrong  place  at  the  wrong  time  due  to  command  and 
control  deficiencies. 

To  supplement  the  quantitative  analysis  (which  relied  heavily  on  the 
digital  data  base) ,  a  qualitative  analysis  of  a  small  set  of  randomly 
chosen  AAR  and  THP  was  undertaken.  This  analysis  focused  on  occurrences  of 
events  which  indicated  failures  to  synchronize  among  the  executing  elements 
of  different  vertical  functional  systems.  While  the  training  role  of  NTC 
cannot  be  Ignored,  the  analysis  revealed  consistent  patterns  of  breakdowns 
in  synchronization  and  suggested  that  the  NTC  data  could  serve  as  a  source 
of  baseline  data  for  the  performance  of  command  and  control  elements  at 
levels  above  platoon.  It  is  this  "executing  control  element"  that  is  the 
major  determinant  of  unit  effectiveness  In  the  rotations  examined  in  this 
research. 
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LITERATURE  REVIEW 


The  purpose  of  the  review  presented  in  this  volume  was  to  assess  the 
state  of  knowledge  concerning  the  effects  of  fatigue  and  related  stressors 
on  the  performance  of  military  personnel  engaged  in  diverse  military  tasks. 
The  objective  was  to  determine  whether  there  are  sufficient  objective, 
quantifiable  data  on  the  effects  and  time'Course  of  fatigue  to  Justify 
their  incorporation  into  combat  model* .  To  date,  combat  models  have  been 
seriously  deficient  in  their  treatment  of  variables  associated  with  the 
performance  of  individual  soldiers  who,  in  turn,  affect  the  performance  of 
units  and  the  likelihood  of  larger  mission  accomplishment. 

The  principal  focus  of  the  review  was  on  the  role  of  fatigue  in 
continuous  and  sustained  military  operations.  However,  as  the  review 
stands  we  believe  that  it  broadly  applies  to  many  kinds  of  Army  operations. 

In  discussing  the  effects  of  fatigue.  It  is  Important  to  distinguish 
between  "mental"  fatigue  and  physical  fatigue.  Mental  fatigue  is  concerned 
with  the  individual's  reduced  capability  for  performing  cognitive  tasks  In 
a  timely  and  error -free  manner.  It  is  associated  primarily  with  inadequate 
opportunities  for  getting  the  amount  of  sleep  required  to  maintain  high 
levels  of  alertness.  Physical  fatigue  is  a  product  of  extended  muscular 
effort  brought  about  by  the  requirements  to  perform  physically  demanding 
tasks,  often  In  physically  demanding  environments.* 

It  is  apparent  that  both  types  of  fatigue  must  be  addressed  in  any 
model  of  continuous  or  sustained  operations  if  the  human  element  as  a 
limiting  condition  of  military  operations  Is  to  be  taken  properly  into 
account.  An  understanding  of  the  types  of  military  tasks  to  be  performed 
is  critical  when  considering  the  relative  Importance  of  mental  and  physical 
fatigue.  It  is  generally  agreed  that  mental  fatigue  Is  likely  to  be  a 
serious  problem  in  those  individuals  responsible  for  all  levels  of  command 
and  control,  for  planning,  and  for  complex  decision  making.  It  is  also 
critical  for  those  persons  performing  tasks  that  are  highly  demanding  of 
sustained  and  selective  attention,  and  for  tasks  that  require  the  learning 
of  new  material  or  procedures.  In  contrast,  physical  fatigue  will  be  far 
more  critical  for  those  soldiers  whose  tasks  may  be  physically  demanding 
but  which  are  also  likely  to  be  highly  over- learned.  The  performance  of 
such  tasks  is  much  more  resistant  to  sleep  loss  than  are  tasks  with  higher 
order  cognitive  requirements. 

The  course  of  recovery  from  fatigue,  or  the  amount  of  rest  or  sleep 
required  to  maintain  desired  levels  of  military  effectiveness  Is  also  quite 
different  for  mental  and  physical  fatigue.  The  opportunities  for  recupera¬ 
tive  periods  of  rest  required  to  reduce  physical  fatigue,  and  the  rate  at 
which  that  recovery  occurs,  can  be  greatly  different  from  the  opportunities 


In  addition  to  mental  fatigue  and  physical  fatigue,  there  is  a  considerable 
literature  on  "combat  fatigue".  This  usually  refers  to  a  maladaptive 
response  to  the  stress  of  prolonged  combat  which  requires  a  completely 
different  recovery  regimen  than  mental  and  physical  fatigue.  It  is  a 
clinical  problem  which  was  excluded  from  this  review  because  It  Is  a  problem 
of  personal  adjustment  rather  than  fatigue  per  se. 
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to  fully  restore  the  mental  effectiveness  of  a  high  level  decision  maker 
who  is  severely  sleep  deprived.  Considerable  knowledge  concerning  recovery 
rates  from  mental  and  physical  fatigue  is  now  available  for  these  problems 
to  be  tffectively  h.’.ndled  (circumstances  permitting)  by  enlightened  sleep 
management  techniques. 

Figure  1  depicts  a  conceptual  framework  representing  the  items  of 
interest  in  the  current  study  of  fatigue  effects  on  combat  performance.  The 
core  set  of  items,  in  the  central  area  of  the  exhibit,  describe  the  human 
element.  To  the  left  and  below  these  are  items  relevant  to  the  battlefield 
conditions.  System  and  performance  areas  are  at  the  extreme  right. 

Several  classes  of  relationships  among  items  are  identified  and  correspond 
to  the  scope  of  variables  currently  accommodated  in  combat  models,  the 
scope  of  human  stress  and  fatigue  research,  and  the  desired  relationship 
among  human  and  operational  variables  to  adequately  model  the  man>machlne 
interface  and  human  perfutmance  in  combat  models. 

Human  performance  is  a  function  of  human  traits  and  the  individual's 
current  psychological  and  physiological  state.  Human  trait  variables 
include: 


e  sleep  requirements; 

e  physical  fitness  and  maximum  voluntary  capacity; 
e  strength  capability; 
e  psychomotor  and  perceptual  abilities; 
e  cognitive  abilities; 

e  initiative,  self-discipline,  and  self-motivation;  and 
e  anxiety  proneness. 

State  variables  enhance  or  attenuate  performance  through  many  mechanisms, 
including: 

e  physical  fatigue  or  exhaustion; 
e  circadian  pattern; 

*  hunger,  thirst,  or  body  temperature; 
e  motivation,  vigilance,  anxiety,  or  fear; 
e  training  level  or  combat  experience; 
e  uncertainty; 

s  confidence  in  leadership  or  discipline  of  unit;  and 
e  coherence  of  the  team. 

Battlefield  conditions  occur  outside  the  control  of  the  human  but 
impact  the  human's  stste,  traits,  and  ultimately  performance  through 
stress.  Among  the  various  environmental,  syatam  characteristics,  oper¬ 
ational  mode,  and  task  conditions  impacting  human  performance  are; 

e  terrain; 

e  continuous  operations; 
e  visibility,  weather; 
e  noise,  concussion; 

•  attrition  (friendly  or  enemy); 
e  suppressive  fire; 
e  ambush  potential,  mine  fields,  etc.; 
e  biological,  chemical  contaminants; 
e  enemy  activity; 
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•  weight  of  external  load;  and 

a  task  frequency,  duration  or  urgency. 

Human  performance  is  generally  measured  in  terms  of  timeliness, 
accuracy,  thoroughness,  or  quality,  but  is  manifested  through  a  range  of 
task* specific  behaviors  which  vary  greatly  in  complexity  and  potential 
impact  on  combat  effectiveness.  These  physical,  paychomotor  or  cognitive 
activities  include: 

e  sustained  physical  exertion  as  in  rearm,  refuel,  resupply; 

•  vehicle  control ; 

e  construction; 

e  aiming  and  tracking; 

e  weapon/equipment  operation; 

•  target  acquisition,  identification,  and  selection; 

e  leadership ; 

e  command,  control,  and  communications; 

e  planning;  and 

e  calculating,  coding,  and  Intelligence  gathering. 

Traditionally,  combat  models  have  excluded  the  human  factor  in 
determining  system  performance  during  engagements,  Instead,  the  char* 
acterlstics  and  implications  of  system  mission,  operational,  and  environ* 
mental  characteristics,  have  bean  emphasized.  Assuming  that  human  per* 
formanoe  directly  affects  combat  outcome  and  should  be  considered  in  these 
models,  the  key  questions  are:  what  data  and  quantitative  relationships 
exist  which  would  be  of  use  to  combat  modelers,  system  developers,  or 
combat  analysts;  and  how  can  we  relate  that  data  to  measures  of  system 
effectiveness . 

This  review  considers  both  physical  and  mental  fatigue.  A  con* 
siderable  body  of  research  exists  in  the  area  of  mental  stress  resulting 
from  continuous  operations  or  sleep  deprivation.  Likewise,  physiological 
stress  resulting  from  high  energy  expenditure  rates  or  severe  muscular 
exertions,  has  been  studied.  Both  areas  of  fatigue  have  been  considered 
here  in  the  context  of  individual  performance. 

A  purpose  of  the  literature  search  was  to  identify  from  available 
research  both  general  and  specific  data  regarding  human  performance  in 
continuous  operations.  From  this,  we  could  identify  the  contributing 
factors  in  the  stress  and  recovery  process,  particularly  regarding  fatigue. 
The  ultimate  goal  is  to  improve  our  models  of  the  combat  processes  through 
an  improved  understanding  of  human  behavior  as  it  is  affected  by  physical 
and  mental  fatigue. 

Bocuagnt  Uitri 

Among  the  Intended  users  of  this  document  are  combat  analysts  and 
modelers,  system  developers,  combat  developers,  and  HANPRINT  training 
developers  and  personnel  planners.  The  common  thread  uniting  these  readers 
is  an  Interest  in  optimizing  the  combat  process,  and  a  sensitivity  to  the 
human  component  in  that  process. 
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Raport  Organization 


These  introductory  remarks  are  meant  to  underscore  the  complexity  of 
the  problem  of  developing  valid  estimates  of  the  effects  of  fatigue  on  the 
performance  of  military  personnel.  Any  suoh  modeling  effort  must  recognize 
that  there  is  no  single  function  that  can  describe  these  effects  in  a 
military  unit.  It  depends,  first  and  foremost,  on  the  nature  of  the  tasks 
to  be  performed  and  whether  or  not  they  must  be  performed  more  or  less 
continuously.  It  obviously  depends  also  on  opportunities  for  sleep  and 
recuperative  rest,  and  on  the  work  schedules  imposed.  If  that  were  not 
suffiolent  complexity,  it  also,  depends  on  a  variety  of  modifying  factors 
suoh  as  degree  of  training,  unit  leadership,  weathet  conditions,  require* 
ments  for  use  of  protective  clothing  or  being  "buttoned  up",  and  numerous 
other  conditions  associated  with  continuous  and  sustained  operations. 

Despite  these  complexities,  much  useful  knowledge  has  been  generated 
by  research  on  how  human  behavior  changes  as  a  function  of  fatigue  and 
related  variables.  The  problems  faced  In  developing  quantifiable  estimates 
of  fatigue  effects  stem  from  the  great  diversity  of  experimental  conditions 
employed  in  this  research.  In  this  review  we  have  attempted  to  bring  some 
order  out  of  the  chaos,  While  the  results  may  not  satisfy  those  who  are 
looking  for  precise  functional  relationships,  they  do,  we  believe,  reflect 
sufficiently  reliable  findings  to  Justify  the  Incorporation  of  some  fatigue 
effects  into  combat  models.  Whatever  the  research  deficiencies  may  be,  it 
is  in  our  opinion  far  better  to  take  this  information  into  account  than  to 
employ  arbitrary  values  (including  no  values  at  all)  In  combat  models. 

The  remaining  sections  of  this  research  report  present  the  approach 
for  research  study  selection  and  the  procedures  for  reviewing  these 
selections,  the  results  from  the  review  of  the  mental  and  physical  fatigue 
literature,  and  conclusions  drawn  and  recommendations  for  further  work. 

The  document  also  incudes  three  appendices  which  elaborate  on  specific 
studies,  and  present  the  full  bibliography  of  references. 

Specifically,  Appendix  A  contains  full  synopses  on  40  studies, 
selected  for  their  relevance  to  the  study's  objectives.  Appendix  B  con¬ 
tains  abbreviated  synopses  of  72  studies  which  were  of  some  relevance,  but 
not  as  directly  applicable  as  those  in  appendix  A.  Appendix  C  lists  full 
citations  on  over  500  articles,  reports,  and  books  reviewed  for  this 
effort.  For  studies  which  were  reviewed,  but  ware  not  considered  to  be  of 
sufficient  relevance  for  Inclusion  in  either  appendix  A  or  B,  short 
annotations  are  provided  based  on  the  reviewers'  comments. 
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APPROACH 


This  section  documents  the  search,  screening,  and  review  strategies 
employed  during  the  search  of  defense,  government,  and  medical  databases 
for  reports  relevant  to  fatigue,  sleep  lees,  and  human  performance.  The 
primary  search  concentrated  on  mental  fatigue  (with  physical  fatigue  as  a 
secondary  issue).  A  second  search  concentrated  on  physical  fatigue  result¬ 
ing  from  repetitive  or  prolonged  exertions  in  a  range  of  thermal  environ¬ 
ments.  Procedures  outlined  below  apply  to  both  searches,  unless  otherwise 
noted. 

Sjenwtng 

The  literature  on  fatigue  and  related  stressors  likely  to'  be  en¬ 
countered  in  the  battlefield  is  enormous,  but  much  of  it  is  not  helpful 
from  the  viewpoint  of  performance  problems  posed  by  continuous  operations . 
To  constrain  the  literature  search,  which  included  the  databases  of  the 
Defense  Technical  Information  Center  (DTIC),  and  the  National  Technical 
Information  Service  (NTIS),  we  employed  a  strategy  that  required  report 
titles  to  include  not  only  key  terms  such  as  fatigue  and/or  stress,  but 
also  performance.  Special  searches  were  also  conducted  on  "human  variables 
in  combat",  "combat  fatigue",  and  "combat  stress".  These  initial  searches, 
plus  a  sizable  reference  list  of  our  own  on  fatigue  and  other  stressors, 
created  a  large  inventory  of  potentially  relevant  articles  and  technical 
reports.  Titles  and  abstracts  were  then  thoroughly  screened  for  apparent 
relevance  to  long  term  performance,  loss  of  sleep,  and  other  stressors 
likely  to  be  encountered  in  a  combat  environment  (e.g. ,  heat,  noise,  vibra¬ 
tion,  enemy  action).  This  search  procedure  was  generally  followed  until 
the  reference  lists  of  newly  acquired  documents  showed  a  high  degree  of 
overlap  v7ith  those  previously  acquired. 

Databases  of  DTIC  and  NTIS,  as  well  as  MedLine  were  searched  for 
studies  involving  physical  fatigue  aiid  related  stressors.  Relevant  areas 
in  this  search  included  physiology,  muscle  strength,  endurance,  and  rest 
and  recovery  periods.  While  reports  of  studies  involving  continuous  opera¬ 
tions  and  physical  work  from  the  military  community  were  preferred,  rele¬ 
vant  industrial  or  laboratory  studies  involving  repetitive  manual  materials 
handling,  heavy  physical  work,  physical  work  capacity,  and  heat  stress  were 
also  considered. 

Appendix  C  lists  SOO  articles,  documents,  and  books  that  were  re¬ 
ceived  and  examined  as  part  of  this  process.  The  initial  search  identified 
445  of  these  documents.  Of  these,  216  dealt  directly  with  the  impact  of 
fatigue  or  sleep  loss  on  some  kind  of  human  performance.  Another  group  of 
124  documents  dealt  with  "related”  stressors  such  as  heat,  noise,  vibra¬ 
tion,  confinement,  and  fear  associated  with  combat  operations.  Finally,  98 
documents  dealt  more  generally  with  background  material  useful  for  gaining 
an  understanding  of  continuous  military  operations  including  descriptions 
of  battles  in  wartime,  training  and  leadership  issues,  war  gaming,  perform¬ 
ance  evaluation,  and  doctrine. 

The  second  search  for  studies  of  physical  fatigue  provided  68  docu¬ 
ments,  all  but  IS  of  which  were  new.  General  topic  areas,  and  count  of 
studies,  uncovered  in  the  second  search  include;  sleep  deprivation  or 
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sustained  operations  (13);  energy  expenditure  and  physical  work  capacity 
(14);  work  pacing  and  physical  fatigue  (19);  heat  stress  and  heat  acclima¬ 
tion  studies  (17);  and  strength  capability  during  repetitive  lifting  (11). 
Some  overlap  In  topic  areas  occurred  among  the  documents;  In  addition, 
several  of  these  articles  were  more  background  or  review  In  nature.  Of  the 
68  studies,  over  one -third  (27)  were  performed  by  military  laboratories. 

Review  Crteerla 

The  scope  of  this  project  did  not  permit  a  detailed  critical  exami¬ 
nation  of  all  of  these  documents.  Rather,  the  documents  were  prioritized 
for  review  according  to  the  following  criteria: 

1.  The  study  dealt  with  continuous  or  sustained  operations 
explicitly. 

2.  The  study  contained  data  on  the  performance  of  a  military  task 
over  a  prolonged  period,  usually  with  some  associated  sleep  loss. 

3.  The  study  contained  data  on  performance  of  laboratory  type  experi¬ 
mental  tasks  over  prolonged  periods,  usually  with  some  associated 
sleep  loss. 

4.  The  study  was  a  review  article  dealing  with  CONORS,  SUSOPS,  or 
the  general  effects  of  sleep  loss  on  performance. 

5.  The  study  purported  to  deal  with  extended  periods  of  performance 
but  contained  no  performance  data. 

6.  The  study  dealt  with  fear  stress  In  battle,  or  fear  stress  under 
simulated  battle  conditions. 

7.  The  study  was  concerned  with  stressors  other  than  fatigue  or 
fear. 

8.  The  study  did  not  fall  Into  any  of  the  above  categories. 

All  studies  In  categories  1-6  were  given  at  least  a  minimal  review. 
This  means  that  the  report  was  examined  for  details  concerning  the  types  of 
tasks  performed  (If  any),  the  duration  of  performance,  and  whether  or  not 
objective  performance  data  were  reported.  A  summary  Judgment  was  then  made 
about  the  degree  of  relevance  of  each  article  to  continuous  military  opera¬ 
tions.  This  Judgment  was  made  on  the  basis  of  experimental  task  similarity 
to  military  tasks,  duration  of  the  experimental  procedure  (l.e.  ,  amount  of 
sleep  loss),  and  similarity  of  the  experimental  environment  to  military 
environments.  In  all,  315  studies  were  reviewed,  the  majority  of  which 
were  concerned  with  fatigue  and  sleep  deprivation.  A  lesser  number  were 
concerned  with  fear  stress  and  other  battlefield  stressors. 

Those  studies  Judged  to  have  a  high  degree  of  relevance  on  each  of 
the  dimensions  outlined  above  are  reported  In  a  common  synoptic  outline  In 
appendix  A.  There  were  40  such  studies.  Host  are  experimental  and  Include 
meaningful  task  performance  data;  a  few  are  comprehensive  review  studies. 
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A  second  aroup  of  moderately  relevant  studies  (72  in  all)  are 
reported  in  appendix  B.  These  studies  were  either  less  comprehensive  than 
thLe  in  appendix  A,  or  the  experimental  conditions  were  Judged  to  ^e  less 
directly  relevant  to  military  operations.  Nevertheless,  most  were  felt  t 
provide  Information  useful  for  this  review. 

The  third  group  of  studies  were  those  Judged  to  be  ^  Interest  but 
not  sufficiently  relevant  to  warrant  a  detailed  review.  There  were  190  of 
these  Iti  all.  These  are  listed  in  appendix  C  (which  also  Includes  all 
studies  in  appendices  A  and  B) ,  along  with  notes  by  the  reviewer  concerning 
the  experimental  task,  the  types  of  stressors  Involved,  and  general  obser¬ 
vations  concer  ilng  the  findings  or  relevance  of  the  study  to  present  oyec- 
tSes.  Many  of  these  notes  will  be  of  interest  to  those  doing  research  on 
the  topics  of  fatigue  and  related  streaaora. 

The  reports  in  these  appendices  are  listed  within  each  appendix 
alphabetically  by  author.  Citations  for  which  synopses  are  available  are 
noted  in  appendix  C  (full  synopses  in  appendix  A  and  abbreviated 
in  appendix  B).  Full  bibliographic  citations  appear  only  in  appendix  C. 
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RESULTS  FROM  A  REVIEW  OF  THE  LITERATURE 


Introduction 

This  saction  praaanti  tha  raaulta  from  the  litaratura  review  of 
feclgua  affect* .  Result*  ere  presented  In  two  forms:  an  overview  of  the 
state  of  knowledge  in  the  area  (what  we  know,  and  what  we  don't  know 
because  of  problems  with  the  studies);  and  a  presentation  of  the  effects  of 
sleep  loss  and  fatigue  for  specific  behaviors.  The  following  section, 
"Conclusions",  will  present  the  results  in  yet  another  way:  as  a  summary 
table  of  conditions  and  results  of  sleep  loss  studies  organized  by  the 
duration  of  the  experiment, 

The  reader  should  keep  in  mind  that  the  focus  has  been  on  measures 
of  performance  and  effectiveness  resulting  from  fatigue  at  an  individual 
man-machine  level,  rather  than  at  the  unit  level. 

General  State  of  Knowledge 

1.  Much  of  the  literature  concerning  the  effect*  of  fatigue  on  human  per¬ 
formance,  Including  studies  where  military  type  tasks  were  performed  as 
well  as  chose  employing  fundamental  psychological  tests,  have  been  Incon¬ 
clusive  (or  misleading)  because: 

a  The  performance  tests  were  too  short  and  Infrequently  adminis¬ 
tered,  and  thus  susceptible  to  short  term  mobilization  of  effort 
even  by  very  tired  subjecta.  This  was  true  of  some  very  compre¬ 
hensive  field  studies  (e.g.,  the  Ainsworth  and  Bishop  (1971)  study 
of  tank  crews;  the  Haslam  (1981,  1982,  1985)  studies  of  infantry 
men  and  parachutists). 

e  In  many  studies  the  administration  of  the  performance  tests  was 
temporally  displaced  from  the  main  fatiguing  and  stressful  events, 
also  allowing  for  short  term  mobilization  of  effort  or  sometimes 
serving  as  a  distraction  from  monotonous  operations  (e.g,,  Meeland, 
Egbert  and  Miller's  (1957)  study  of  Army  basic  trainees).  Excellent 
examples  of  how  the  performance  test  should  be  embedded  In  the 
operational  work  session  are  provided  by  Angus  and  Heslegrave 
(1975);  Hullaney,  Kripke,  and  Fleck  (1981);  and  Thorne,  Genser, 
Sing,  and  Hegge  (1983).  These  studies  show  systematically  greater 
effects  of  fatigue  than  do  those  where  testing  is  of  short  duration, 
or  temporally  isolated  from  main  events. 

*  The  performance  tests  used  have  often  been  of  such  a  nature  that 
learning  effects  ware  highly  likely,  thus  confounding  learning  and 
fatigue  effects  and  possibly  obscuring  important  effects  of 
fatigue  on  performance  (e.g.,  Ainsworth  and  Bishop  (1971); 

Englund,  Ryman,  Naitoh,  and  Kodgdon  (1985)). 

•  Linkage  of  the  performance  tests  used  to  operational  casks  was 
often  unclear.  The  majority  of  studies  incorporated  tests  of 
basic  psychological  phenomena  although  a  significant  minority 
Incorporated  reasonable  simulations  of  military  tasks  (e.g., 
Meeland  at  al, ,  (1957)).  Similarly,  limits  of  physical  exertion 
determined  on  bicycle  ergometers  or  laboratory  treadmill  are  Inap- 
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proprlate  for  and  considerably  greater  then  actual  work  capacity 
for  mixed  static  and  dynamic  tasks  (load  carrying,  etc.)  (Legg  and 
Patton  (1987)). 

•  Highly  overlaamed  tasks  were  sometimes  tasted.  Those  are  known 
to  be  Insensitive  to  fatigue  effects  (e.g.,  Ainsworth  and  Bishop 
(1971). 

•  Relatively  few  studies  have  Involved  continuous  work  or  complex 
tasks.  When  they  do,  decrements  in  performance  are  seen  much  ear¬ 
lier  and  may  be  severe  after  36*48  hours  without  sleep  (Belenky  et 
al.,  (1986);  Drucker,  Cannon  and  Wear  (1969);  Angus  and  Heslagrava 
(1985);  Hullaney,  Kripke  and  Fleck  (1981);  and  Thome  et  al., 
(1983)), 

2.  There  is  little  Information  on  the  combined  effects  of  fatigue  and 
other  battle  related  stressors  (e.g.,  heat,  cold,  vibration,  confinement, 
noise) ,  Levi  (1972)  incorporated  recordings  of  "authentic  battle  noise" 
into  his  study  of  the  affects  of  sleep  loss  on  rifle  shooting  by  Army  per¬ 
sonnel,  and  Rausch  at  al.,  (1986)  have  examined  the  impact  of  heat  stress 
due  to  high  ambient  tamparaturea  and  the  requirement  to  wear  HOP?  gear  on 
howitzer  personnel  engaged  in  sustained  operations.  Randle  and  Legg  (1985) 
verified  that  mixed  static  and  dynamic  work  (e.g,,  carrying  loads  or 
handling  artillery  shells),  conducted  in  hot  conditions  produced  signifi¬ 
cantly  more  physiological  strain  and  perceived  exertion  than  purely  dynamic 
work  (e.g,,  treadmill  walking).  Conversely,  Kilka,  Martin  and  Elizondo 
(1984)  found  no  difference  in  exercise  work  rates  during  exercise  In  cold 
environments  (0  degrees  C)  after  sleep  deprivation.  They  concluded  that 
the  cold  stress  provided  the  motivation  for  the  work. 

Only  two  studies  were  found  that  addressed  possibly  the  most  impor¬ 
tant  combination  of  all,  fatigue  and  fear  (Meeland,  Egbert  &  Miller  (1957); 
Bergstrom,  Gillberg,  and  Arnberg  (1973)),  However,  several  studies  have 
focused  on  personnel  who  were  probably  suffering  from  the  combined  effects 
of  mental  and  physical  fatigue  (e.g.,  Englund,  Kaitoh,  Ryman  and  Hodgdon 
(1983);  Englund,  Ryman,  Naitoh  and  Hodgdon  (1985);  Buggo,  Opstead,  and 
Magnus  (1979)).  The  most  notable  attempts  to  realistically  stimulate  the 
fear  response  remain  those  studies  performed  by  Berkun  and  his  associates 
(1959;  1964;  1962)  who  submitted  Army  basic  trainees  to  evident  aircraft 
emergencies,  misdirected  artillery  shells,  explosions,  and  radioactive 
fallout.  Out  of  ethical  considerations,  studies  of  this  type  are  no  longer 
performed  and  it  seems  likely  that  Berkun's  criteria  for  a  valid  study  of 
effects  of  fear  stress*  will  remain  elusive  as  will  any  definitive  state¬ 
ment  concerning  its  possible  interactive  effect  with  fatigue. 

3.  Many  studies  do  not  report  a  baseline  of  performance,  making  It  diffi¬ 
cult  to  describe  the  effects  of  fatigue  on  performance  in  quantitative 
terms. 


Berkun's  criteria  include  a  cognitive  response  indicating  the  threat  was 
accepted  as  genuine,  a  significant  physiological  stress  response,  and  a  nega¬ 
tive  affective  response. 
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4.  Th«  adverse  effects  of  sleep  loss  and  fatigue  Impact  performance  on 
different  types  of  tasks  to  very  different  degrees  (Woodward  and  Nelson 
(1974);  Johnson  &  Naitoh  (1974)).  Generally  speaking,  the  literature 
rather  claarly  Indicates  that  the  most  serious  performance  decrements  are 
to  be  expected  with  cognitively  demanding  tasks,  those  requiring  vigilance, 
and  some  tasks  requiring  psychomotor  precision.  Least  affected  are  tasks 
that  are  highly  over  learned,  Including  a  variety  of  routine  manual  tasks. 
Englund  et  al. ,  (1985)  have  shown  that  engaging  In  sustained  physical  work 
can  delay  the  adverse  effects  of  sleep  loss  to  some  extent  on  tests  of  cog¬ 
nitive  performance,  although  others  (e.g.,  Lubln  (1975);  Opstad  (1978)) 
have  claimed  that  physical  fatigue  makes  the  effects  of  sleep  loss  on  the 
performance  of  cognitive  tasks  worse.  Possibly,  both  viewpoints  are 
correct  depending  on  the  amount  of  physical  work.  Legg  and  Patton  (1987) 
demonstrated  a  significant  loss  in  isometric  hand  grip  strength  values  in 
artillery  handling  tasks  as  a  result  of  prolonged  partial  sleep  depriva¬ 
tion,  and  shoved  that  recovery  of  muscular  strength  took  longer  than  for 
non- sleep  deprived  trails. 

Thorne  et  al.,  (1983)  have  shown  that  a  wide  variety  of  cognitive 
tasks  are  more  or  less  equally  affected  by  extensive  sleep  loss.  There  Is 
some  evidence  that  highly  interesting  tasks  (such  as  games)  are  more  resis¬ 
tant  to  sleep  loss  effects  than  monotonous  ones;  however,  not  even  highly 
challenging.  Job  relevant,  militarily  significant  tasks  escape  the  adverse 
effects  of  sleep  loss  for  as  long  as  48  continuous  hours  (for  example,  see 
fianderet  et  al,,  (1980)),  Belenky  et  al.,  (1986)  regard  cognitive  abili¬ 
ties  as  the  weak  link  In  human  performance  during  continuous  operations, 

5.  Few  studies  have  incorporated  real  world  adverse  environments  and  un¬ 
certainties,  Including  the  effects  of  darkness  (night  operations)  on  task 
performance.  Notable  exceptions  include  Banderet  et  al.,  (1930)  and 
Ainsworth  and  Bishop  (1971).  Kopsteln  et  al.,  (1979)  include  darkness  as  a 
variable  affecting  performance  In  continuous  operations  but  do  not  provide 
any  supporting  data.  However,  circadian  effects  on  performance  have  been 
widely  studied  (e.g.,  Bugge,  Opstad  and  Magnus  (1979);  Dlnges,  Orne,  and 
Orne  (1985);  Englund  et  al.,  (1965);  Levi  (1972);  Rausch  at  al.,  (1986); 
and  many  others).  It  has  generally  been  shown  that  there  are  pronounced 
circadian  variations  In  performance  on  a  variety  of  perceptual  and  cogni¬ 
tive  tests,  including  tests  of  vigilance.  In  some  cases  these  results  have 
been  shown  to  extend  beyond  laboratory  type  tests  to  meaningful,  complex 
tasks  closely  associated  with  military  operations.  Thera  Is  considerable 
experimental  evidence  supporting  the  "micro  sleep"  or  "lapse  hypothesis" 
during  extended  operations  (e.g.,  Bugge,  Opstad,  and  Magnus  (1979)). 

6.  Performance  feedback  is  rarely  given  in  studies  of  fatigue  and  sleep 
loss  although  feedback  Is  known  to  influence  results  and  some  have  suggest¬ 
ed  that  it  will  reduce  the  adverse  effects  of  sleep  loss  considerably. 
Belenky  et  al.,  (1986)  conclude  chat  task  performance  Is  resistant  to  the 
effects  of  sleep  loss  when  feedback  Is  given  but  note  that  no 

amount  of  interest,  motivation,  or  personal  effort  will  be  completely 
effective  in  counteracting  the  effects  of  sleep  loss.  Levi  (1972)  has 
clearly  shown  that  regular  performance  feedback  Is  not  sufficient  to  over¬ 
come  the  effects  of  extended  sleep  loss  on  performance  In  rifle  shooting. 

Differential  motivation  between  that  which  occurs  during  research 
studies  and  that  which  occurs  when  engaged  In  life  threatening  events  Is  a 
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frequantly  raisad  lasue  In  attempting  to  generalize  from  research  results. 
This  question  is  probably  better  answered  by  anecdotal  material  than 
research.  Military  personnel  have  frequently  been  observed  to  fall  asleep 
on  watch  despite  potential  life  threatening  consequences.  In  several  of 
the  studies  in  this  review,  military  personnel  performing  realistic  tasks 
found  it  necessary  to  withdraw  from  the  experiment  after  extended  sleep 
loss  despite  presumably  high  incentive  for  continuing  to  perform  (e.g., 
Banderet  et  al.,  (1980);  Haslam  (1981)).  Vylia,  Hackle  and  Smith  (1985) 
have  documented  reports  of  military  personnel  falling  asleep  while  engaged 
in  flight  operations  during  the  Falklands  war.  Reports  of  soldiers  falling 
asleep  in  the  battlefield  have  been  commonplace. 

7.  The  results  in  much  of  the  literature,  can  be  expected  to  generalize  to 
mllitairy  personnel,  both  officer  and  enlisted.  In  61  of  the  89  (69%) 
experimental  studies  whose  synopses  appear  in  this  report,  military  person¬ 
nel  were  used  as  subjects,  Their  performance  under  fatiguing  conditions 
has  been  measured  on  a  diversity  of  military  or  simulated  military  tasks, 
as  well  as  on  more  fundamental  psychological  tests  of  perceptual  and  cogni¬ 
tive  functioning. 

8.  The  literature  gives  strong  evidence  of  operationally  significant 
performance  degradation  after  36-48  hours,  if  work  is  more  or  less  continu¬ 
ous.  Some  military  personnel  have  been  unable  to  continue  simulated  combat 
tasks  after  this  amount  of  time  (Bandaret  et  al.,  (1980);  Francesconl  et 
al,,  (1978)).  Performance  on  simulated  tank  crew  tasks  showed  marked  per¬ 
formance  decrements  after  48  hours  without  sleep  (Haggard  (1969)), 
Performance  on  vigilance  rifle  shooting  has  been  shown  to  degrade  during 
extended  tactical  exercises  with  serious  impairment  of  performance  after  48 
hours  (Haslam  (1981)).  Performance  in  a  field  artillery  fire  direction 
center  deteriorated  markadly  in  terms  of  speed  of  response  and  increased 
errors  during  48  hours  of  continuous  operations.  Some  tasks  showed  effects 
after  as  little  as  18  hours  without  sleep  (Banderet  et  al.,  (1980)).  Other 
investigators  who  have  reported  significant  adverse  effects  on  military  or 
simulated  military  tasks  after  48  hours  of  wakefulness  include  Drucker, 
Cannon  and  Wear  (1969);  Angus  and  Heslegrave  (1985);  Mullaney,  Kripke,  and 
Fleck  (1981);  Morgan  Jr.  et  al.,  (1973,  1974);  and  Thorne  et  al.,  (1983). 
Siegel  et  al.,  (1980)  have  claimed  that  there  is  "unanimity  in  the  scien¬ 
tific  literature  that  the  full  debilitating  effects  of  sleep  loss  take 
place  between  the  36th  and  48th  hour  of  continuous  wakefulness". 

It  should  be  noted  that  if  an  experimant  on  sleep  deprivation  is 
begun  on  the  morning  of  the  first  day,  as  many  of  them  have,  then  the 
period  between  the  36th  and  the  46th  hours  will  also  encompass  the  nadir  of 
the  circadian  rhythm.  Thus  the  effects  of  sleep  loss  and  the  lowest  level 
in  th(i  cycle  of  psychophysiological  arousal  will  be  combined.  It 
is  at  this  point  in  time  when  some  experimental  subjects  who  have  been 
required  to  perform  more  or  leas  continuously  have  elected  to  withdraw  from 
the  experimant. 

9.  Self-paced  hard  work  (l.e.,  physiologically  stressful  activity  requiring 
hard  energy  expenditure  such  as  marching  with  combat  load  over  irregular 
terrain)  has  been  studied  over  a  range  of  durations,  terrains,  and  loads 
(Evans  et  al.,  (1980);  Hughes  and  Goldman  (1970);  Levine  et  al.,  (1982); 
Myles  et  al.,  (1979);  Soule  and  Goldman  (1973  and  1978)).  The  level  of 
energy  expenditure  which  soldiers  will  achieve  to  maintain  the  work  varies 
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with  the  duration  of  axartlon,  from  45  parcant  of  maxlmua  energy  expandl< 
tura  (V02  max)  for  2  hour  marches  to  30  percent  for  6 , 5  hour  marches . 

These  ratios  are  consistent  for  both  males  and  females. 

10.  Only  a  few  relevant  studies  of  fatigue  due  to  repeated  muscular  exer¬ 
tions  have  been  performed  by  military  agencies.  An  exception  Is  Legg  and 
Pateman  (1984),  who  found  that  the  expected  energy  expenditure  level  should 
be  reduced  significantly  for  repetitive  lifting  tasks  (to  23  percent  of  VOj 
max) .  Many  mure  studies  exist  In  the  Industrial  and  academic  literature 
(most  notably  the  NIOSH  guidelines  for  manual  lifting,  (NIOSH  1981)). 
Application  of  Industrial  data  to  military  scenarios  Is  appropriate  only  If 
the  task  conditions  (load,  frequency,  posture)  and  operator  physical  traits 
are  compatible  (e.g.,  similar  training,  fitness,  and  strength  capabili¬ 
ties)  . 

Effects  of  Fatigue  and  Sleep  Loss  in  Specific  Functions 

There  has  been  considerable  commonality  in  the  types  of  experimental 
tasks  employed  In  research  on  fatigue  and  sleep  loss .  For  this  reason  It 
Is  possible  to  reach  some  generalizations  concerning  auch  functions  as 
vigilance,  reaction  time,  the  higher  cognitive  functions  (perception,  cog¬ 
nition,  memory,  reading  comprehension);  tracking  and  psychomotor  perform¬ 
ance;  and  physical  work, 

Vigilance ,  Vigilance  or  the  ability  to  sustain  high  levels  of 
attention  during  the  performance  of  routine  or  monotonous  but  very  Impor¬ 
tant  tasks  has  frequently  been  studied  In  the  context  of  fatigue  and  sleep 
loss.  One  night's  sleep  loss  has  been  shown  to  adversely  affect  auditory 
vigilance  (Glenvllle  at  al.,  1978)  and  performance  on  visual  vigllanca 
tasks  (Wilkinson,  1960).  Other  investigators  who  have  found  marked  per- 
formanoe  degradations  in  vigilance  after  sleep  loss  Include  Angus  and 
Heslegrave  (1985);  Mullaney,  Kripke,  and  Fleck  (1981);  Opstad  et  al., 
(1978);  Thorne  et  al, ,  (1983);  and  Frazier  et  al.,  (1971).  It  Is  believed 
(Woodward  and  Nelson  ^974))  that  as  sleep  loss  progresses,  brief  intermit¬ 
tent  lapses  in  perceptual  performance  Increase  In  both  frequency  and  dura¬ 
tion.  It  has  also  been  shown  (Norton  (1970))  that  sleep  deprivation  plays 
an  Important  role  In  ability  to  maintain  selective  attention,  where 
subjects  are  required  to  discriminate  between  relevant  and  irrelevant 
Information. 

Reaction  Time  and  the  Sneed-Accufacv  Tradeoff.  Reaction  time  to  a 
variety  of  simple  stimulus  conditions  is  also  a  widely  studied  phenomenon 
In  the  literature  on  fatigue  and  sleep  loss.  The  adverse  Impact  of  sleep 
loss  on  reaction  time  has  been  shown  by  Angus  and  Heslegrave  (1985); 

Englund  et  al.,  (1983,  1985);  Opstad  et  al.,  (1978);  Thorne  et  al.,  (1983); 
Perelll  (1980);  Dlnges  (1985);  Naltoh  (1983);  Naltoh  6i  Townsend  (1970);  and 
Edwards  (1941).  One  of  the  more  Interesting  and  possibly  operationally 
significant  studies  of  reaction  time  Involved  the  task  of  vigilance  rifle 
shooting  employed  by  Haslam  (1981,  1982,  1985)  In  which  a  requirement  for 
rapid  detection  of  a  target  was  combined  with  that  of  accurate  shooting  of 
the  rifle  at  that  target.  Significant  degradation  was  observed  as  a  func¬ 
tion  of  sleep  loss  despite  test  periods  of  relatively  short  duration. 

Many  military  tasks  do  not  rsqulre  Instantaneous  response  although 
there  is  considerable  pressure  to  perform  many  tasks  as  rapidly  and  as 
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accurately  as  possible.  The  literature  on  sleep  loss  and  fatigue  effects 
is  particularly  Interesting  in  this  regard  in  that  a  number  of  studies  have 
shown  that  when  task  performance  is  under  control  of  the  subject  (at  least 
to  a  reasonable  degree)  the  fatigued  subject  will  sacrifice  speed  for 
accuracy.  Angus  and  Heslegrave  (1985)  observed  increased  message  process¬ 
ing  tine  during  a  simulated  command  and  control  task;  Banderet  et  al., 
(1980)  in  studying  the  performance  of  field  artillery  fire  direction  center 
personnel  found  that  the  accuracy  of  work  suffered  and  errors  of  omission 
increased  with  sleep  loss,  but  that  these  errors  were  corrected  before 
responses  to  calls  for  artillsry  fires  were  made.  Thus,  increasingly  more 
time  was  required  to  perform  the  tasks  satisfactorily  and  an  increasing 
amount  of  required  work  never  got  done.  Thome  et  al.,  (1983)  noted  a 
similar  effect  with  respect  to  a  number  of  testa  measuring  various  aspects 
of  cognitive  functioning  thought  to  be  important  in  command  and  control. 

As  the  effects  of  sleep  deprivation  increased,  subjects  required  more  and 
more  time  to  accomplish  the  same  series  of  tasks.  There  was  a  moderate  and 
continuous  reduction  In  accuracy  and  a  much  increased  reaction  time  for  all 
subjects  on  all  tasks  in  the  performance  battery.  Mylas  and  Rommet  noted 
increased  times  taken  for  combat  engineers  to  complete  their  tasks  as  a 
function  of  sleep  deprivation;  Rausch  et  al.,  (1986)  observed  large 
Increases  In  the  time  taken  to  accomplish  artillery  tasks ,  and  Shine 
(1957),  studying  a  simulated  communication  task,  noted  a  marked  Increaso  in 
the  number  of  errors  made  that  had  to  be  corrected,  with  a  consequent 
increase  in  performance  time  as  a  function  of  Increased  sleep  loss. 

It  is  of  interest  that  in  several  of  these  studies  increased  per¬ 
formance  time  was  a  consequence  of  realization  by  the  subjects  that  they 
were  more  prone  to  making  errors  so  that  more  double  cheeking  was  neces¬ 
sary,  and  more  corrections  had  to  be  made  before  the  results  of  their  per¬ 
formance  could  be  transmitted  to  others  who  are  depending  on  them.  Thus  an 
expected  consequence  of  sleep  loss  and  fatigue  is  a  reduction  in  through¬ 
put.  Thorne  et  al,,  (1983)  have  shown  how  a  measure  of  throughput  can  be 
used  to  conveniently  compare  the  Impact  of  fatigue  on  the  performance  of  a 
wide  variety  of  cognitive  tasks. 

Cognitive  Processes.  The  literature  rather  consistently  indicates 
that  tasks  involving  high  level  cognitive  functions  (memory,  reasoning, 
arithmetic  computations,  concept  attainment,  communications,  decisionmak¬ 
ing)  are  adversely  affected  by  fatigue  and  sleep  loss.  Like  vigilance, 
cognitive  behavior  appears  to  be  affected  earlier  and  more  severely  than 
tasks  involving  primarily  motor  skills  and  muscular  activity.  Woodx^orth  and 
Nelson  (1974)  in  their  summary  of  the  literature  reported  that  the  types  of 
impairment  moat  likely  from  sleep  loss  include  failure  of  short  term 
memory,  reduced  speed  of  learning,  impairment  in  reasoning  and  complex 
decision  chains,  and  performance  that  is  generally  marked  by  increased  var¬ 
iability  in  proficiency.  Belenky  et  al.,  (1986)  conclude  that  the  more 
cognitively  demanding  a  tsok,  the  greater  is  its  sensitivity  to  sleep  loss, 
and  note  that  no  amount  of  interest,  motivation,  or  personal  effort  of  any 
kind  will  be  completely  effective  in  counteracting  the  effects  of  sleep 
loss.  Citing  studies  which  indicate  that  soldiers  become  militarily 
ineffective  after  48-72  hours  without  sleep,  Belenky  et  al.,  feel  that  this 
will  be  particularly  true  of  those  with  command  and  control  responsibili¬ 
ties,  They  feel  that  cognitive  abilities  are  the  weakest  link  in  the  chain 
of  human  performance  in  sustained  operations. 
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Angus  and  Heslegrave  (1985)  who  studied  the  effects  of  sleep  loss  on 
cognitive  performance  during  a  simulated  command  and  control  task  found 
that  measures  of  logical  reasoning  declined  to  72%  of  baseline  during  the 
first  night  without  sleep  and  to  41%  during  the  second  night.  Message  pro¬ 
cessing  times  and  time  required  to  answer  questions  contained  in  messages 
were  significantly  poorer  on  the  second  day  than  the  first  and  showed  the 
steepest  performance  degradation  during  the  night  between  days  2  and  3 . 

Performance  in  encoding  and  decoding  of  messages  and  map  displays  has 
bean  studied  by  several  investigators  including  Haslam  (1982)  and  Opstad  et 
al.,  (1978).  Haslam  found  that  extensively  sleep  deprived  groups  had  per¬ 
formance  scores  ranging  from  28%  to  35%  of  baseline  after  6  consecutive 
days  of  operations.  Computational  performance  similarly  declined.  Opstad 
et  al,,  (1978)  found  significant  impairment  on  a  coding  test  after  only  24 
hours  without  sleep, 

Several  investigators  have  observed  adverse  effects  of  sleep  loss  on 
memory  functions.  Williams  at  al.,  (1966)  shoved  that  one  night's  sleep 
lose  adversely  affects  tasks  requiring  memory  for  words.  Belenky  et  al., 
(1986)  report  that  tasks  that  require  short  term  memory  utilization  are 
sensitive  to  sleep  loss.  Woodworth  and  Helson  (1974)  also  report  a  short 
term  memory  decrement  and,  a  possibly  related  phenomenon,  Impairment  in 
speed  of  learning.  Mullaney,  Kripke,  and  Fleck  (1981)  observed  performance 
degradation  on  a  visual  pattern  memory  test,  and  found  significant  deteri¬ 
oration  within  the  first  24  hours,  contrary  to  many  other  sleep  loss 
experiments,  in  a  situation  where  continuous  attention -demanding  work  had 
to  be  performed.  The  same  investigators  found  significant  degradations  in 
numerical  addition  skills  within  the  first  24  hours.  In  general  their  sub¬ 
jects  had  marked  difficulty  in  continuously  performing  cognitive  tasks  for 
as  long  as  42  hours. 

Thorne  et  al.,  (1983)  employed  measures  of  memory,  logical  reason¬ 
ing,  pattern  recognition,  and  decision  making  over  a  period  of  72  hours  of 
continuous  performance  and  enforced  wakefulness.  Performance  on  these 
tests  was  measured  with  a  common  metric,  called  "throughput",  which  enabled 
performance  on  diverse  tasks  to  be  compared  in  terms  of  the  number  of  cor¬ 
rect  responses  divided  by  cumulative  reaction  time  for  each  of  the  tests. 
The  average  throughput  declined  74%  from  baseline  over  the  72  hour  period, 
and  Thorne  and  his  colleagues  concluded  that  overall  throughput  dropped 
approximately  1%  per  hour  or  24%  per  day  compared  to  baseline.  Of  con¬ 
siderable  interest  was  the  finding  that  the  nattern  of  decline  in  through¬ 
put  was  very  similar  for  each  of  several  different  cognitive  tasks. 

Perelli  (1980)  developed  a  measure  of  ir.)iormation  processing  based 
on  a  5 -choice  adaptive  reaction  time  task.  Flight  personnel  on  12  hour 
duty  days  for  4  consecutive  days,  9  hours  of  which  was  spent  in  a  flight 
simulator,  showed  an  increased  threshold  for  information  processing  due  to 
fatigue  even  though  all  of  the  subjects  had  an  opportunity  for  a  reasonable 
amount  of  sleep  (greater  than  continuous  operations  would  likely  permit) . 

Finally,  Kopstein  et  al.,  (1985)  report  the  following  generaliza¬ 
tions  about  the  effects  of  prolonged  continuous  operations  on  the  perform¬ 
ance  of  soldiers  in  mechanized  Infantry,  armor,  FIST,  and  artillery  opera¬ 
tions;  decreased  vigilance,  reduced  attention,  slowed  perception,  inabili¬ 
ty  to  concentrate,  faulty  memory,  slowed  comprehension,  slowed  responding, 
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increased  omissions  o£  tasks,  encoding/decoding  difficulties,  fuzzy  reason¬ 
ing,  and  communication  difficulties.  Specific  citations  for  these  effects 
are  not  given  although  there  is  nothing  in  this  list  that  is  contradicted 
by  the  current  review. 


Tracking  and  Pavchomotor  Performance.  Tasks  requiring  smooth  track¬ 
ing  and  skilled  psyohomdtor  performance  appear  to  suffer  significant  per¬ 
formance  deterioration  as  a  result  of  sleep  loss  beginning  within  the  first 
24  hours.  However,  highly  over  learned  motor  tasks  are  less  susceptible  to 
fatigue  effects.  Buck  <1975)  found  that  tracking  performance  (movement 
time)  was  adversely  affected  by  1  or  2  nights  without  sleep.  Hockey  (1970) 
showed  that  one  night's  sleep  loss  reduces  attention  allocation  and  pursuit 
tracking  accuracy.  Ellingstad  and  Helmstra  (1970)  showed  that  complex 
peychomotor  performance  deteriorated  substantially  after  only  IS  hours  of 
continuous  work,  Tracking  performance  deteriorated  as  reflected  both  In 
the  amount  of  time  off  the  target  track,  and  the  number  of  times  off  tar¬ 
get,  over  the  15  hour  continuous  work  session.  The  tracking  task  in  this 
case  was  similar  to  that  required  in  automobile  steering,  Orr  (1964), 
studying  subjects  in  an  aircrew  simulator  for  21  continuous  hours,  found 
progressive  deterioration  in  d^ectional  control  and  complex  coordination. 
These  subjects  shoved  a  marked  drop  in  performance  on  a  concurrent  vigi¬ 
lance  task  after  only  10  hours  in  the  simulator.  Hullaney,  Kripke,  and 
Fleck  (1981)  employed  a  tracking  task  that  required  the  subjects  to  use  a 
Joy  stick  to  position  a  target  to  the  exact  center  of  a  grid  and  than  press 
a  trigger  in  an  effort  to  score  a  hit.  This  task  was  mixed  with  others 
that  were  performed  on  a  continuous  basis.  It  was  found  that  performance 
deteriorated  seriously  even  within 

the  firs^  24  hours.  Finally,  Haslam  (1981,  1982,  1985)  has  consistently 
found  that  fatigue  and  sleep  deprivation  have  adverse  impacts  on  vigilance 
rifle  shooting.  Performance  when  no  sleep  was  allowed  for  up  to  90  hours 
was  25%  below  that  achieved  when  4  hours  of  sleep  per  24  was  allowed.  In 
the  1985  study  62%  of  the  targets  were  hit  on  baseline  and  recovery  days 
but  only  25.6%  on  the  6th  trial  day.  Grouping  capacity  also  was  signifi¬ 
cantly  worse  on  the  4th,  5th,  and  6th  day  of  sleep  deprivation.  These 
values  are  probably  quite  conservative  since  the  vigilance  rifle  shooting 
task  was  performed  for  only  20  minutes,  once  per  day.  Levi  (1972)  also 
studied  rifle  shooting  for  speed  and  accuracy  and  found  that  both  the 
number  of  shots  per  hour  and  the  number  of  hits  decreased  throughout  a  72 
hour  period  without  sleep.  In  addition,  there  were  notable  circadian 
depressions  in  both  performance  measures. 


Physical  Work.  There  are  three  relevant  issues  in  the  research 
literature  concerning  extended  periods  of  physical  work;  (1)  the  maximum 
working  capacity  to  maintain  performance  and  resist  fatigue;  (2)  the 
adverse  effects  of  physical  fatigue  per  se  on  the  ability  to  continue 
effective  performance;  and  (3)  the  possibly  beneficial  or  adverse  effects 
of  physical  activity  on  other  aepects  of  performance  requiring,  for 
example,  vigilance  or  various  cognitive  skills. 

Within  the  first  issue,  the  maximum  work  rate  sustainable  for  pro¬ 
longed  activity  exprettsed  as  a  percentage  of  maximum  aerobic  power  (V02 
max),  and  the  psychophysics  of  perceived  exertions  (Snook  and  Irvine 
(1968))  are  indicators  of  performance. 
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When  comparing  studies  of  increasing  duration  of  work  (2  to  6  hrs 
per  day,  up  to  6  days  duration),  the  relative  energy  expeixdltures  (as  a 
percent  of  VOj  max)  decreased  with  Increasing  duration  (from  45  percent  to 
36  percent,  noted  in  Levine  et  al.,  (1982),  and  from  40  percent  to  32 
percent  In  a  study  by  Myles  at  al.,  (1979)).  Once  established,  the  level 
of  work  remains  relatively  constant  over  different  terrains  and  across 
genders  (Evans  et  al..  (1980)).  Carrying  loads  of  more  than  40  to  50 
percent  of  body: weight  (Hughes  atid  Goldman  (1970);  and  Plerrynowskl  et  al., 
(1981)),  carrying  loads  in  unbalanced  positions  (Soule  et  al,,  1978a),  or 
working  under  Increasing  thermal  load,  limit  the  percent  of  VO]  max 
required  to  maintain  acceptable  performance  and  eliminate  heat  exhaustion. 
Similarly,  the  level  of  training  tends  to  Increase  work  efficiency,  with 
the  trained  subjects  able  to  perform  the  same  work  at  rou^ly  35  percent  of 
VO2  max,  as  untrained  subjects  working  at  the  higher  relative  cost  of  44 
percent  (Levine  et  al. ,  (1982)).  Many  of  these  results  have  been 
Incorporated  Into  a  model  of  metabolic  cost  of  load  carrying  under  varying 
terrain,  grade,  and  march  rates  (see  Fandolf,  Givoni,  and  Goldman  (1977); 
and  Uagner  and  Kunz  (1986)). 

Mixing  static  activity,  such  as  standlzig,  or  holding  materials  in 
front  of  the  body,  with  dynamic  activity,  tends  to  Increase  the  workload  In 
normal,  dry  environments  (see  Legg  and  Fatemein  (1984)),  as  well  as  in  hot, 
dry  conditions  (Kamon  and  Balding  (1971);  and  Randle  and  Legg  (1985)). 

With  materials  handling,  the  lift  frequency  (lifts  per  minute)  dictates 
whether  performance  will  be  limited  by  muscle  strength  (for  frequency  less 
than  3  lifts  per  minute)  or  aerobic  capacity  (Khalil  et  al.,  (1985)). 

The  psychophysical  approach  to  lifting,  or  the  perceived  exertion, 
contrasts  "what  man  can  do"  with  "what  man  will  do"  (Snook  and  Irvine 
(1968)).  In  many  cases,  physiological  measures,  such  as  heart  rate  or 
energy  expenditure,  show  no  change  between  two  levels  of  thermal  load, 
grade,  or  sleep  deprivation,  but  subjects  will  report  increased  levels  of 
perceived  exertion,  leading  to  significant  decrements  in  exercise  tolerance 
(see  Martin,  1981;  Soule  and  Goldman  (1973);  and  Rayman,  Maltoh,  and 
England  (1987)). 

Regarding  the  second  issue  for  physical  work,  Myles  and  Rommet 
(1986)  have  shown  that  where  sleep  deprivation  of  up  to  69  hours  is 
combined  with  a  requirement  for  heavy  manual  work  up  to  48  hours,  the  self- 
paced  effort  of  combat  engineers  begins  to  decline  after  only  14  hours  of 
work.  On  the  other  hand,  Belenky  et  al.,  (1986)  claim  that  tasks  which 
require  primarily  physical  performance  are  relatively  immune  to  the  effects 
of  sleep  loss.  Bugge  et  al.,  (1979)  conclude  that  the  combined  effects  of 
sleep  loss  and  physical  exhaustion  may  potentiate  the  fluctuations  in  the 
natural  circadian  rhythm.  If  this  is  true,  the  effects  of  physical  exhaus¬ 
tion  could ‘ Inf luence  other  types  of  concurrent  tasks  that  Involve  the  cog¬ 
nitive  domain.  These  investigators  have  shown  that  performance  on  various 
cognitive  tests  including  logical  reasoning,  perceptual  speed,  speed  of 
association,  as  well  as  measures  of  motor  coordination,  showed  significant 
and  substantial  impairment  during  continuous  military  field  operations  (a 
Ranger  couree) .  With  sleep  limited  to  1-2  hours  per  24,  the  lowest  level 
of  performance  occurred  on  the  4th  day  with  a  reduction  to  50-60%  of  base¬ 
line  values.  In  addition,  the  effects  of  circadian  variation  were  much 
more  pronounced  during  field  operations  than  they  were  during  a  control 
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period.  Clrcadlen  verletions  in  logical  reasoning  were  plus  or  minus  40% 
of  baseline  during  field  operations  compared  to  a  normal  variation  on  base¬ 
line  days  of  plus  or  minus  10%  of  the  24  hour  mean.  Those  effects  occurred 
despite  teats  of  ixtremaly  short  duration  which,  however,  were  administered 
ssveral  timos  during  each  24  hour  period. 

Regarding  the  third  issue,  it  has  been  shown  that  physical  fatigue 
resulting  from  sxtsndad  marches  on  a  traadaill  (11  Km)  in  full  combat  gear 
affects  various-psychological  functions  (vigilance,  reaction  time,  reason¬ 
ing,  reading)  lass,  than  sleep  loss  or  circadian  offsets  (Englund  at  al., 
(1983))  .  However,  (Dpstsd  at  al..,  (1978)  have  reported  that  heavy  physical 
work,  ooinbihed  With  little  sleep  over  4-5  days  produoss  decrements  in  vigi¬ 
lance,  reaction .  time.,  shooting  perfomanoa,  and  performance  on  a  command 
memory  task,  Some  of  these  effects  are  evident  as  early  as  24  hours  with¬ 
out  sleep.  Similarly,  Lub  In  at  al..  (1975)  report  that  physical  exercise 
during  40  hours  without  sleep  can  increase  impairment  of  auditory  vigi¬ 
lance,  word  memory,  mathematical  performance,  and  digit  span. 

Bonnet  (1960)  studied  the  effects  of  marching  for  20  miles  (6.5 
hours)  on  vigilance,  numerical  computation,  choice  reaction  time,  short 
term  memory,  and  symbol  substitution.  He  reported  significant  decrements 
on  each  of  these  tests  at  the  end  of  the  march  which  approximated  those 
reported  in  the  literature  following  40  hours  of  sleep  deprivation. 

Finally,  Englund  et  al.,  (1985)  studied  the  combined  effect  of  physical 
work  and  sleep  loss  (6  hour  marches  and  48  hours  of  continuous  work)  and 
concluded  that  subjects  who  marched,  as  opposed  to  those  who  engaged  in 
sedentary  activity  for  a  similar  period  of  time,  showed  a  delay  of  as  much 
as  8  hours  in  degraded  performance  on  a  visual  vigilance  task,  They 
concluded  that  moderate  exercise  does  not  combine  with  sleep  loss  to 
further  decrease  cognitive  performance. 


The  Recovery  Function.  A  number  of  Investigators,  but  by  no  means 
all,  have  atteD')ted  to  describe  not  only  the  amount  of  performance  degrada¬ 
tion  as  a  function  of  fatigue  and  sleep  loss,  but  the  amount  of  sleep  in 
the  form  of  naps  or  more  extended  recovery  periods,  necessary  for  perform¬ 
ance  to  fully  recover  to  baseline  levels.  A  number  of  studies  have  shown 
that  personnel  who  were  given  the  opportunity  to  sleep  for  3-4  hours  in 
every  24,  can  sustain  performance  at  various  tasks  for  several  days.  It 
would  be  easy  to  be  misled  by  this  kind  of  result,  however,  unless  it  is 
recognized  that  opportunity  will  have  to  be  provided  at  a  later  time  for 
full  recovery  from  the  cumulative  sleep  deficit.  Haslam  (1982)  showed,  for 
example,  that  after  sleep  deprivation  for  90  hours,  4  hours  of  block  sleep 
had  a  beneficial  effect  upon  some  aspects  of  soldier's  performance,  e.g.,' 
vigilance  rifle  shooting.  The  same  amount  of  sleep  however  was  not 
sufficient  for  recovery  to  control  levels  on  tests  of  reasoning,  and  was 
not  sufficient  for  recovery  on  a  decoding  test  when  that  test  was  given  at 
low  points  in  the  circadian  cycle.  Indeed,  3  days  of  rest,  with  an  average 
of  19  1/2  hours  spent  asleep,  were  necessary  to  eliminate  all  remaining 
performance  decrements. 

Opstad  et  al. ,  (1978)  showed  that  both  3  and  6  hours  of  sleep  during 
an  extended  4-5  day  Ranger  training  course  had  beneficial  effects  on 
various  cognitive  functions  as  well  as  rifle  shooting,  but  the  time 
required  for  full  recovery  was  not  established.  It  was  noted  that  even  24 
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hours  After  the  end  of  the  course,  performance  on  a  vigilance  test, 
reaction  time  test,  and  coding  test  had  not  recovered  to  baseline  levels. 

Engluhd  et  al.,  <1983)  found  that  one  3>hour  nap  between  two  succes* 
slve  20'hpur  periods  of  sustained  operations  had  no  lomedlats  beneficial 
effect  on  the  performance  of  cognitive  tasks  during  the  second  extended 
period  of  continuous  work.  Maltoh,  Englund,  and  Ryman  (1983)  studied  two 
20  •hour  periods  of  continuous  work  with  either  0,  3,  or  8  hours  of  sleep  in 
between  the  two  periods .  It  was  found  that  the  3*hour  nap  which  was  taken 
at  the  low  point  in  thi  elxcadlen  eycle  was  restorative  of  performance  on 
some  coghltlvetSiks  but  n^  These  authors  suggested  a  sleep 

logistics  model  for  the  prediction  of  performance  during  continuous  work 
periods,  the  model  includes  3  parameters:  (1)  duration  of  the  continuous 
work  period;  (2)  duration  of  the  nap;  and  (3)  time  of  day  when  the  nap  is 
taken. 

Mullaney,  Kripke,  and  Fleck  (1981)  contrasted  6  hours  of  continuous 
sleep  during  a  42  hour  work  schedule  with  6  l*hour  rest  periods  equally 
spaced  throughout  the  42  hour  perfonaance  period.  Totally  sleep  deprived 
sxibjects  performed  more  poorly  on  all  tests  than  did  those  who  received  6 
hours  of  sleep.  In  general,  6  hours  of  block  sleep  resulted  In  better  per¬ 
formance  thSn  did  6  1 -hour  naps.  Subjects  permitted  6  1 -hour  naps  experi¬ 
enced  a  sleep  "hangover"  when  engaged  in  their  first  performance  test  fol¬ 
lowing  the  sleep  period.  This  phenomenon,  also  called  "sleep  inertia",  has 
been  shown  to  have  an  adverse  effect  on  oognltlvoi  performance  for  several 
minutes  following  awakening. 

Myles  and  Romet  (1986)  in  studying  the  performance  of  combat 
engineers  concluded  Chat  4  hours  of  dedicated  sleep  every  night  was  not 
sufficient  during  sustained  operations  if  the  20  waking  hours  had  been 
spent  in  prolonged,  fatiguing  tasks.  Even  thougl^  such  personnel  might  con¬ 
tinue  Co  perform,  self  paced  work  output  can  be  <)xpected  to  decline, 

Morgan  et  al. ,  (1973)  reported  that  following  36  hours  of  continuous  work, 
2,  3,  and  4  hours  of  sleep  yielded  recoveries  in  performance  of  76  percent, 
36  percent  and  73  percent  respectively,  whereas  4  hours  sleep  following  44 
hours  of  continuous  work  produced  only  39  percent  Immediate  recovery  on  a 
multiple  cask  performance  battery.  They  suggested  that  6-8  hours  is  the 
minimum  amount  of  sleep  required  for  recovery  of  performance  from  the 
effects  of  36  hours  of  continuous  work  and  sleep  loss.  Olnges,  Orne,  and 
Ome  (1985)  studied  the  effaotlveness  of  a  2-hour  nap  following  various 
amounts  of  sleep  deprivation  (6,  18,  30,  42,  or  54  hours).  They  noted  that 
sleep  deprivation  increases  the  amount  of  deep  sleep  in  naps  and  this  is 
associated  with  greater  post-nap  cognitive  performance  decrements.  They 
felt  in  particular  that  2-hour  naps  taken  in  the  circadian  trough  probably 
should  be  evolded,  a  counter  Intuitive  conclusion. 

tfoodword  and  Nelson  (1974),  following  their  review  of  the  litera¬ 
ture,  concluded  that  the  time  required  for  recovery  and  adjustment  after 
varying  amounts  of  sleep  deprivation  was  as  follows : 

e  After  36-48  hours  of  acute  sleep  loss,  12  hours  of  eleep/rest  Is 
required  end  subjective  fatlgis  mey  linger  for  3  days; 

e  Aftar  36-48  hours  slsap  loss  with  a  high  work  load  (12-16  hours 
per  dt.y)  24  hours  o.l  sleep/reet  is  required; 
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•  After  72  hours  or  more  of  acute  sleep  loss,  2*3  days  of  time  off 
fa  requlrad, 

Belenky  et  al.,  (1986)  drew  the  following  conclusions: 

e  There  are  wide  individual  differences  in  the  amount  of  sleep 
required  each  night,  ranging  from  as  little  as  3.5  hours  to  as 
much  as  10-12  hours,  majority  of  adults  require  6-8 

hours  of  sleep  each  ni|^t  to  maintain  adeqvtate,  normal  levels  of 
■  daytime' arousal.- " 

e  Chronic  restriotlon  of  sleep  length  to  less  than  4.5  hours  each 
night  is  hot  possible.  Thl^  is  the  lower  limit  of  sleep  lexvgth 
plasticity  for  most  individuals  and  failure  to  obtain  at  least  4 
to  4  1/2  hours  sleep  each  night  results  in  rapid  dsterloratlon  in 
performance  on  even  the  simplest  of  tasks. 

e  Even  on  restricted  sleep  schedules  which  allow  more  than  4.5  hours 
of  sleep  per  night,  there  is  a  ciinulative  sleep  debt  reflected  by 
increasing  daytime  sleepiness.  This  may  be  tolerated  for  sevsral 
days  or  even  weeks,  but  the  sleep  debt  is  never  fully  satisfied 
until  recovery  sleep  is  obtained. 

e  Partial  sleep  deprivation  diminishes  reserves  for  coping  with  a 
subsequent  sustained  operation. 

e  In  maneuver  warfare  there  are  definable  limits  which  if  exceeded 
result  in  reaching  the  point  of  diminishing  returns  in  performance 
effectiveness,  with  a  potential  for  catastrophic  failure.  For  sus¬ 
tained  operations,  the  limits  are  2-3  days. 

e  Cognitive  abilities  are  the  weak  link  in  human  performance  in  con¬ 
tinuous  operations.  6-8  hours  of  sleep  each  night  will  maintain 
cognitive  performance  indefinitely.  3-4  hours  will  maintain  cog¬ 
nitive  performance  for  5-6  days.  Less  than  3  hours  each  night 
will  lead  to  rapid  declines  in  cognitive  performance  and  military 
effectiveness. 

The  literature  would  generally  seem  to  endorse  these  conclusions. 
However,  It  has  been  clearly  shown  that  some  aspects  of  cognitive  perform¬ 
ance  cannot  be  maintained  for  5-6  days  with  a  sleep  limitation  of  3-4  hours 
per  night.  Much  depends  on  the  task  and  the  extent  to  which  the  workload 
is  continuous.  Also,  we  have  cited  numerous  examples  in  this  review  where 
critical  military  tasks  suffer  extensive  performance  decrements  prior  to  a 
full  48 -hours  of  continuous  work  effort. 


Other  Literature  Reviews 

Other  authors  have  undertaken  reviews  of  Che  literature  related  to 
this  one.  These  review  articles  were  Johnson  and  Haitoh  (1974);  Harris  and 
O'Hanlon  (1972);  Michel  and  Solic  (1983);  and  Belenky  et  al.,  (1986). 

These  reviewers  range  widely  in  their  optimism  concerning  the  usefulness  of 
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the  infornatlon  In  the  research  literature  with  respect  to  application. 
Johnson  and  Naitoh  were  perhaps  the  most  pessimistic,  stating, 

Within  the  36-48  hour  range  of  total  sleep  loss  most 
likely  to  be  experienced  by  air  crew  personnel,  no 
consistent  or  unifonp,  performance  decrement  has  been 
found  in  operational  studies  even  though  laboratory 
studlei  hsye  found  decrement  on  certain  types  of 
tasks.  V^f  major  vi^^  are  the  pype  of  task,  the 

setting  in  which  task  is  to  be  per f^  and  the 

ihdiiVidiuill.  !^ysioiogto41  changes  are  rninimel  during 
moderate  sleep  loss;  but  mood  changes  are  clearly 
noticeable. 

The  most  likely  sleep  problems  for  air  crew  members 
are  those  aseociated  with  disruption  of  sleep- 
wakefulness  cycles  and  partial  sleep  loss.  Consistent 
performance  decrement  is  difficult  to  find,  but  marked 
increase  in  fatigue  is  a  common  problem.  Sleep  loss, 
both  total  and  partial,  tends  to  potentiate  the  circa¬ 
dian  influence  on  performance  and  interact  with  other 
stressors  to  enhance  the  stress- induced  physiological 
responses .  (Page  1) . 

And  later  they  state , 

What  ara  the  operational  consequences  of  sleep  loss 
and  sleep  deficit?  Short  of  prolonged  sleep  loss  of 
greater  than  60-72  hours,  it  is  difficult  to  cate¬ 
gorically  state  what  the  effects  of  sleep  loss  on  per¬ 
formance  will  be.  Whether  a  performance  decrement 
will  occur  during  sleep  loss  depends  on  a  complex 
interaction  of  the  task,  situational  and  personal 
factors.  The  nature  of  the  task  in  its  meaning  to  the 
subject,  particularly  its  survival  value,  are  of  pri¬ 
mary  Importance  in  the  type  of  sleep  deprivation 
effects  which  occur.  (Page  33). 

In  contrast  to  this  rather  pessimistic  outlook,  the  "user  oriented 
review"  of  the  literature  by  Woodward  and  Kelson  (1974)  provides  specific 
statements  concerning  types  of  casks  most  vulnerable  to  sleep  loss  effects; 
work  schedules  most  vulnerable  to  performance  impairment;  amount  of  sleep 
loss  required  to  impair  performance;  types  of  performance  impairment  most 
likely  from  sleep  loss;  procedures  for  reducing  performance  impairment 
risks  in  continuous  operations;  and  time  required  for  recovery  and  adjust¬ 
ment  from  unusual  work  schedules, 

Belenky  et  el.,  (1986)  similarly  arrive  at  a  large  number  of  rela¬ 
tively  specific  conclusions  concerning  relationships  which  they  regard  as 
well  established  between  sleep  loss  and  performance  decrements  on  various 
cognitive  tasks.  These  include  the  correlation  between  the  length  of  task 
and  its  sensitivity  to  sleep  loss;  the  differences  in  sensitivity  to  sleep 
loss  of  subject-paced  veravis  externally-paced  tasks;  the  beneficial  effect 
of  performance  feedback  in  maintaining  performance  under  sleep  loss;  like¬ 
lihood  that  soldiers  will  become  militarily  ineffective  after  46-72  hours 
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without  ale«p;  th«  fact  that  cognitlva  abllltlai  art  tha  weakeat  link  In 
tha  human  chain  of  parformanca  In  suatalnad  oparatlons;  tha  expactad 
dacllna  In  continuous  work  parformanca  If  thara  la  no  sleep  during  a  24 
hour  perlodi  the  adverse  affects  of  chronic  restriction  In  sleep  length 
over  parioda  of  aavaral  days,  and  the  ralatad  problem  of  cumulative  sleep 
debt;  tha  problem  of  sleep  Inertia  aasooiatad  with  short  periods  of  sleep 
(haps);  and  the{  probablo  limits  of  sleep  deprivation  before  a  catastrophic 
failure  of  performance  is  the  result. 

Finally/  Harris  'apd  Q/ Hanlon  (1972)  in  the  earliest  review  of  the 
literature  directly  eoneemed  with  sustainad  and  continuous  operations 
fbcUiid  thalr  attahtloh  on;  the  reccwa*^  They  concluded  that 

there  had  been  no  directly  relevant  itudles  of  continuous  oparatlons  where 
men  had  performed  operational  tasks  under  field  conditions  on  given 
work/rest  and-perfofmanoe/reoovery  sehedulea  for  extended  periods  of  time. 
In  their  view  the  lltera;^re  at did  not  provide  the  data  neoes* 
iary.  to  Implement  the  continuous  operations  concept,  but  It  did  provide 
guidelines  for  the  design  of  studies  to  collect  the  required  data.  Harris 
and  O'Hanlon  emphasized  that  one  cannot  generalize  from  performance  In 
laboratory  tasks  to  performance  on  real  military  tasks  which  are  often 
complex  and  highly  ls.tmed.  Complex  tasks  are  more  likely,  they  say,  to  be 
sensitive  to  the  effects  of  adverse  conditions;  well  learned  tasks  more 
likely  to  be  resistant.  The  military  tasks  most  likely  to  suffer  perform< 
ance  decrements  tinder  adverse  conditions  are  monitoring  tasks  (vigilance), 
perceptual  tasks  that  require  Interpretation  of  events  and  appropriate 
responses,  and  complex  decision  tasks  that  call  on  short  term  memory. 

Harris  and  O'Hanlon  also  emphasized  the  Importance  of  experimentation 
under  field  conditions.  Laboratory  conditions  In  which  some  significant 
variables  are  present,  like  sleep  deprivation,  and  many  others  are  absent, 
like  environmental  stressors,  provide  little  basis  for  determining  the 
effects  of  adverse  conditions  on  performance  or  on  physiological  responses. 
Some  combination  of  stressors  is  undoubtedly  always  present  In  the  field. 
One  Important  field  stressor  In  the  military  situation  Is  the  amount  of 
physical  work  done  by  soldiers  in  marching,  carrying  loads,  fighting,  and 
so  on.  The  effects  of  this  stressor,  together  with  those  of  environmental 
stressors,  will  certainly  Interact  to  determine  the  capability  of  men  to 
endure  particular  work/rest  and  performance/recovery  schedules,  and  the 
course  of  recovery  will  certainly  depend  on  the  nature  and  intensity  of  the 
field  streasors. 

Harris  and  O'Hanlon  underscore  tha  importance  of  likely  cumulative 
effects  where  the  rest  periods  are  not  adequate  to  fully  restore  all  func¬ 
tions.  No  one  knows,  they  say.  If  It  Is  necessary  to  completely  return  all 
physiological  systems  to  a  normal  range  of  functioning  before  again  expos¬ 
ing  men  to  adverse  conditions.  But  if  systems  are  not  adequately  restored, 
the  eonsoquenees  may  be  a  sudden  failure  In  a  system  that  could  immobilize 
a  soldier.  The  important  questions  to  be  answered  concern  the  effects  of 
repeated  exposure  periods  on  performance  and  physiological  status.  Does 
the  cost  of  maintaining  effective  performance  build  to  a  breaking  point? 
And  what  recovery  schedules  are  necessary  to  prevent  accumulation  of  these 
effects? 

It  Is  our  conclusion  that  a  great  deal  has  been  learned  since  the 
earlier  reviews  of  Johnson  and  Naltoh,  and  Harris  and  O'Hanlon.  Recent 
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rasearchArs,  though  not  all,  have  employed  more  sophisticated  task  and  per* 
fomance  measurement  techniques.  It  is  our  view  that  we  now  know  enough  to 
make  a  beginning  on  the  modeling  problem,  even  though  we  do  not  know  as 
much  as  we  would  like. 


CONCinSlOHS 


The  purpose  of  this  section  :..<t  to  suamarize  the  findings  thus  far, 
and  to  set  a  course  for  further  research  needed  to  nodal  human  performance 
in  combat  models.  Vo  do  not  feel  that  it  is  possible,  at  this  time,  to 
develop  an  equation  to  predict  soldier  fatigue  from  the  range  of  variables 
addressed  in  the  renearoh  reviewed  to  date.  What  we  have  done,  however,  is 
to  construct  a  summary  table  of  the  research  results,  organized  along  the 
duzatioh  of  sleep  deprivation, 

The  summary  table  Is  M  close  as  we  can  come  to  a  functional  rela¬ 
tionship  be  tWiln  fatigue  sind  performance,  partlohlarly  regarding  cognitive, 
psychomotor,  and  perceptual  casks.  Variations  in  subject  tasks  and  experi¬ 
mental  edhdltions  make  It  difficult  to  fit  one  specific  fatigue  equation  to 
the  .data  Predlc^qn ^^uatlons  for  physical  activity  may  be  more  feasible, 
alttkough  attempts  to  date  have  been  one  levil  away  from  predicting  time  to 
exhaustion  or  failure.  For  the  most  part  they  identify  the  level  of  stress 
and  leave  it  to  the  analyst  to  identify  the  point  In  time  when  failure 
occurs.  These  and  other  Issues  are  discussed  In  this  final  section. 


State  of  Knowledge 

Experiment  Summary  Table.  At  the  outset  of  this  report  we  mentioned 
the  great  diversity  of  experimental  designs  and  performance  casks  that 
characterize  the  research  literature  on  fatigue,  sleep  loss,  and  other 
stressors.  This  mikes  generalizations  of  results  that  might  serve  model 
building  particularly  difficult.  One  common  dimension  along  which  all  the 
studies  can  be  ordered,  however,  is  tine.  Since  we  view  time -dependent 
results  as  critical  to  modelling  human  variables  in  combat.  In  the  table  on 
the  following  pages  we  have  summarized  a  substantial  number  of  the  studies 
reviewed  In  this  project,  listed  in  order  of  the  duration  of  each  experi¬ 
ment.  Hopefully,  this  will  be  useful  in  identifying  regularities  in  the 
results  and  the  reasons  for  some  of  the  differences. 

The  entries  in  the  first,  column  of  the  table  give  Che  duration  of  the 
experimental  period,  the  amount  of  sleep  allowed  (if  any),  and  the  number 
and  type  of  experimental  subjects  employed.  The  second  column,  "Primary 
Tasks",  describes  the  casks  that  occupied  the  subjects  most  of  the  time. 

The  "Probe  Tasks",  summarized  in  column  3,  are  the  casks  used  by  the  exper¬ 
imenters  to  quantify  human  performance  during  the  experiment.  Probe  task 
schedule  information  is  given  In  the  fourth  column.  The  results  of  each 
experiment  are  summarized  In  column  5,  and  reference  citations  are  given  in 
the  last  column. 


Prediction  of  Physical  Fatigue.  The  Soldier  Load  Assessment  (SLA) 
methodology,  prepared  for  the  Amy  Research  Institute  by  Dynamics  Research 
Corporation  (Wagner  and  Kunz  (1986)),  utilizes  the  research  and  the  model 
developed  by  Pandolf,  Oivoni,  and  Goldman  (1977)  at  the  US  Army  Research 
Institute  for  Environmental  Medicine  at  Hatick,  Massachusetts,  to  identify 
the  metabolic  cost  of  load  carrying.  This  model,  as  implemented  in  Wagner 
and  Kunz,  is  described  in  the  synopsis  In  appendix  A,  and  Is  not  reproduced 
here . 
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Table  1.  Experinent  Suswary  Table,  Page  5  of  8 


35 


tniup 


36 


Table  1.  Experiment  Susnary  Table,  Page  7  of  8 
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Table  1 .  Experiment  Sunmiary  Table,  Page  8  of  8 


Whilt  the  Boldltr  load  aasasamanc  nathod  will  acconunodate  the  rela¬ 
tively  dynamic  tasks  of  walking  or  carrying  loads  over  terrain,  It  Is  not 
capable r 6£  addttsilngfAtlgua  Issues „ Induced  by  the  static  or  mixed  static 
and  dynamic  work  of  materials  handling.  The  KIOSH  Work  Practices  Guide 
(WPG)  for  manual,  sagittal  plane  lifts  ripxesents  a  starting  point  (NIOSH 
(1981) >. 

Unfortunately,  neither  the  soldier  load  nor  the  NIOSH  WPG  model  pre¬ 
dict  time  to  fatigue.  Additional  development  is  needed  to  convert  these  to 
foras  which  are  of: uae  to  the  combat  modeling  community,  in  addition  to 
tile  performance  metric  provided,  lode  tnut  pay  careful  attention  to  the  con¬ 
ditions  of  their  development  and  application.  The  SLA  was  developed  to 
solve  a  tadtioal  planning  problem  In  light  Infantry  divisions.  If  the  Army 
continues  with  its  plan, to  phase  out  such  divisions,  the  model's  relevance 
will  fade.  The  NIOSK  model  was  developed  for  sagittal  plane,  two  handed 
lifts;  asymmatrio  lifts,  or  pushing  or  pulling  are  not  included. 

In  general,  findings  Indicate  that  time  to  onset  of  physical  fatigue 
is  a  function  of  the  following  conditions: 

e  percent  of  maximum  aerobic  capacity  (percent  VO2  max  measured  for 
static  or  dynamic  activity); 
e  perceived  exertion; 
e  duration  of  activity; 

e  external  load; 

e  thermal  conditions  (temperature  and  humidity) ;  and 
c  duration  of  sleep  deprivation. 

Similarly,  time  to  recovery  could  be  determined  from  current  work¬ 
load,  the  duration  of  activity,  duration  of  sleep  deprivation,  and  oppor¬ 
tunities  for  sleep.  Specific  coefficients  and  formulae  cannot  be  derived 
with  the  available  data  or  In  the  scope  of  this  research,  however. 


Impact  of  Fatlaue  on  the  Combat  Process 

Although  the  literature  Indicates  chat  fatigue  Is  a  significant 
factor  in  performance,  especially  In  cognitive  tasks.  In  the  reality  of 
combat,  it  is  significant  If  and  only  If  all  other  factors  are  equal. 
Results  from  analysis  of  after  action  reviews  and  the  Digital  Data  Base  at 
KTC  conducted  as  part  of  this  research  effort,  suggest  that  other  factors 
are  not  equal,  however.  Therefore,  It  Is  Important  that  we  place  the  issue 
of  fatigue  In  the  proper  perspective,  and  direct  our  focus  on  leadership 
and  basic  soldier  skills  such  as  command,  control,  and  Intelligence  and 
unit  positioning. 
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APPENDIX  A 

FUU  STNOPSES  OP  RELEVANT  REPORTS 

Doeuatat  No:  0(^3 

TICU:  THE  EFFECTS  OF  A  46-HOUR  PERIOD  OF  SUSTAINED  FIELD  ACTIVITY 
ON  TAjNK  CREW  PERFORM^CE 

Authotf :  Ainsworth ,  L .  L .  sad  Bishop ,H .  P . 

Agsaey:  Humsa  Rssourcts  Rassarch  Orgaalzstion 

DatiV  1971  ' 

Hypothasas:  48  hours  o£  sustainad  oparatloaa  will  have  aa  Impact  on 
the  porfonnanca  of  tasks  parformad  by  tank  craws  including  communication, 
driving,  survairiancs,  gunnery,  and  maintanancs. 

Stressor:  48-hours  of  activity  without  slasp. 

Tasks:  Radio  talaphona  procadur a;  driving  exercises,  including 
crossing  a  log  obstacle,  driving  through  a  ditch,  maneuvering  through  a 
slalom  course,  and  maneuvering  through  a  simulated  mine  field;  surveil¬ 
lance  exercises,  including  passive  surveillance  where  the  tank  was 
stationary  and  the  task  of  the  crews  was  to  detect  and  identify  a  number 
of  targets,  and  moving  surveillanca  where  the  task  of  the  tank  crew  was 
to  find  an  aggressor  machine  gun  and  return  fire  as  the  tank  moved  along 
the  course;  gunnery  axerclsss  under  three  conditions:  (1)  tank  otationary 
and  stationary  targets  fired  on  with  the  main  gun,  (2)  tank  moving  and 
stationary  targets  fired  on  with  the  coaxial  machine  gun,  (3)  tank 
stationary  and  moving  targets  fired  on  with  the  main  gun  and  the  50  cali¬ 
ber  machine  gun;  maintenance  exercises  including  standard  services  and 
checks  usually  performed  during  operations  such  as  engine  oil  level, 
transmission  oil  level,  antennas,  battery,  water  and  cables,  vision  de¬ 
vices,  exterior  lights,  and  fuel  and  lubricant  leaks. 

Subjects:  120  men  from  the  2nd  Battalion,  67th  Armor,  Ft.  Hood, 

Texas.  These  were  divided  into  an  experimental  group  of  20  tank  crews 
and  a  control  group  of  10  tank  crews.  The  control  group  had  24  hours 
rest  between  each  of  2  12-houc  work  periods.  The  tactical  problem  was  of 
12  hours  duration  and  designed  to  utilise  a  specially  constructed  35.7 
mile  long  problem  course.  The  problem  included  offensive,  defensive,  and 
retrograde  movements.  The  performance  tests  were  conducted  at  specified 
points  along  the  course. 

Results:  The  experimental  group  exhibited  little  performance  decre¬ 
ment  in  the  communication,  gunnery  and  maintenance  exercises,  and  in  two 
of  the  driving  exercises.  The  performance  of  the  experimental  group  was 
significantly  worse  than  that  of  the  control  group  only  in  moving  sur¬ 
veillance  ard  in  two  of  the  driving  exercises.  The  authors  report  that 
differences  in  performance  in  all  exercises  were  small,  as  were  the  dif¬ 
ferences  found  between  the  scores  obtained  during  the  day  and  those  ob¬ 
tained  at  night.  They  concluded  that  activities  that  demanded  a  pro¬ 
tracted  high  level  of  alertness  or  complex  perceptual  motor  activity, 
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such  as  the  moving  surveillance  tasli  and  some  driving  casks,  were  the 
most,  sensitive  to  the  adverse  affects  of  sleep  loss.  They  also  concluded 
that  all  dthir  tasks  could  be  performed  without  serious  performance  de¬ 
crements  during  a  48-hour  period  without  sleep,  and  that  performance  at 
night  was  not  significantly  affected  by  the  diurnal  rhythms  of  the 
subjects. 

Gritiquei  At  best,  the  results  of  this  study  should  be  regarded  as 
inconclusiye  In  rSigatd  to  tbs' effects  of  ,48  hours  of  sleep  deprivation. 
The  ekpirinientel  ptboedure  was  SerlOu^  that  virtually  all 

perfbirmAace  testing  was  of  Short  duration,  represented  a  break  In  other¬ 
wise  monotonous  activities,  and  la  general  could  be  regarded  as  a  highly 
a ler.t^g  event.  Some  tasks  were  of  a  highly  over-learned  type  where  one 
Would  not  ekpect  parformaace  dacraments.  On  othersv  e.g.,  gunnery,  per¬ 
formance  was  at  Such  a  low  level  there  was  little  opportunity  for  degra¬ 
dation  effects  to  be  shown.  Other  tasks  showed  evidence  of  a  learning 
curve  which  may  have  obscured  circadian  effects  that  the  authors  feel 
were  not  present.  The  study  Is  open  to  a  variety  of  other  criticisms  as 
well. 


A-2 


DocunanC  Ho:  304 


tit la:  EFFECT  OF  SLEEP  LOSS  ON  SUSTAINED  COGNITIVE  PERFORMANCE 
DURING  A  COMMAND  AND  CONTROL  SIMULATION 

Author! :  Angus,  R.  G.  and  Haalagrava,  R.  J. 

Aganep:  Dafania  and  Civil  Institute  of  Environmental  Medicine, 

Ontario,  Canada 

Data:  1985 

BFpothOsla:  Previous  sleap  lose  atvidieu  may  have  provided  conserva¬ 
tive  estimates  ot  cognitive  deficits  that  can  occur  during  sustained 
intensive  military  operations  because  they  employed  teaks  with  low  cogni¬ 
tive  demands  and  performance  assessment  was  infrequent. 

Stressors:  34  hour  period  of  wakefulness;  requirement  to  continuous¬ 
ly  monitor  and  act  upon  information  transmitted  over  a  communication 
network. 

Tasks:  Four  choice  serial  reaction  time;  simple  iterative  sub¬ 
traction;  encode/decode:  complex  iterative  subtraction;  logical  reason¬ 
ing;  short  term  memory  (digit  span);  auditory  signal  detection  and  vigi¬ 
lance;  paired  associate  learning/recall;  map  plotting;  and  message 
processing. 

The  latter  taSk  required  subjects  to  monitor  communication  networks 
which  involved  accessing,  reading,  understanding,  interpreting,  and 
filing  information  from  a  simulated  military  conflict.  Some  messeges 
required  short  phrasas  to  be  typed  onto  a  keyboard  and  some  required  a 
tactical  map  of  the  battle  area  be  updated.  Some  questions  required  chat 
summaries  be  written  and  manually  filed.  Manually  filed  information  was 
necassary  to  answer  questions  asked  in  later  messages.  All  of  the  tasks 
were  embedded  in  6  hour  blocks,  each  of  which  contained  4  work  sessions, 
with  the  same  sequence  of  activities  occurring  in  each  block.  The  6-hour 
work  aeselons  were  separated  by  rest  breaks  varying  from  3-20  minutes 
during  which  subjects  were  permitted  to  eat,  drink,  and  use  the  restroom. 

Subjects:  12  femele  students  recruited  from  Che  University  of 
Toronto. 

Results:  The  authors'  contention  that  previous  studies  have  provided 
conservative  estimates  of  performance  degredatlon  as  a  function  of  sleep 
loss  was  confirmed  by  the  findings.  For  example,  earlier  studies  had 
shown  that  after  one  night  without  sleep  the  number  of  correct  responses 
on  serial  reaction  time  tasks  remained  et  ebout  90X  of  baseline.  In  the 
present  study,  performence  fell  to  76X  of  baseline.  Whereas  others  had 
reported  decrements  to  79-90X  of  baseline  after  2  nights  without  sleep, 
Che  present  experiment  showed  performance  dropping  to  43X  of  baseline. 

Similar  differencial  results  were  replocted  for  logical  reasoning, 
which  declined  Co  72X  of  baseline  during  Che  first  night,  and  4 IX  during 
Che  second  night;  auditory  vigilance  showed  similar  results. 


Subjective  reports  of  fatigue,  sleepiness  and  mood  also  showed 
greater  degradations  than  aarlier  Inyastlgatora  had  found.  Subjective 
scales  adlinisterad  within  work  aesalona  showed  differentially  greater 
effects  then  scales  administered  following  short  rests.  Similar  results 
ware  observed  for  an  embedded  decoding  task.  The  findings  suggested  that 
subjects  ate  lass  able  to  maintain  performance  on  tasks  that  are  inte¬ 
grated  with  their  primary  functiou  than  on  tasks  that  are  distinct  from 
their  primary  f^^^ 

Both  mesaage  procasslog  times  and  time  raqulrad  to  answer  questions 
contained  In  the  messages  showed  a  strong  Increasing  function  particu¬ 
larly  during  the  early  morn.l)>ig  of  the  third  day.  Performance  during  the 
Second  day  wee  pcorSr  than  during  the  first  day,  but  by  far  the  steepest 
performance  degradation  occ  urred,  during  the  night  between  days  2-3. 

Critique:  This  study  was  methodologically  superior  to  many  other 
studiaa  reviewed  because  of  the  requirements  for  continuous  work  and  the 
embedded  tasting  procedure.  The  greater  severity  of  effects,  compared  to 
other  studies  using  similar  tasks.  Is  an  important  finding.  The  only 
uncartalnty  regarding  the  outcome  stems  from  the  fact  that  the  subjects 
were  quite  different  in  background  and  sex  from  thoSe  employed  in  most 
other  studies  of  long  term  operations,  this  may  or  may  not  have  made  a 
difference  in  the  outcomes. 
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Docuaent  No:  182 


Titla:  SIMUUTBO,  SUST4INBD*C0MBAT  OPERATIONS  IN  THE  FIELD  ARTILLERY 
FIRE  DIRECTION  CENTER  (FDC):  A  MODEL  FOR  EVALUATING  BIOMEDICAL  INDICES 

Attthoti:  Banderet,  Lewis  E.,  Stokes,  Jeaes  W.,  Cone,  Ralph  Frances, 
sad  Kowal,  Dennis 

Agenep:  U.S.  Amy  Research  Institute  for  Environmental  Medicine 
Date:  1980 

Hypothesis:  The  parfotaanoe  of  FDC  teams  will  be  affected  by  "chal¬ 
lenges"  of  extended  duration  (up  to  86  hours)  and  also  by  performanca- 
contlhgent  positive  and  negative  feedback  concerning  accuracy  and  time¬ 
liness  of  performance. 

Stressors:  Two  38  hour  challenges  separated  by  34  hours  of  rest;  one 
open-ended  challenge  designed  to  cun  for  86  hours  if  that  were  possible. 

Tasks:  Tactical  battle  scenario.  Task  demands  were  generated  by 
radio  messages,  and  were  the  tasks  normally  performed  by  FDC  teams. 

These  Included  responding  to  calls  for  artillery  flrea  for  unplanned 
missions,  pre-planning  in  response  to  encoded  pre-planned  messages; 
prioritizing  of  anywhere  from  2-16  targets  at  any  point  in  time;  respond¬ 
ing  to  demands  for  artillery  fires  on  pre-planned  targets;  revising  pre¬ 
planned  targets;  updating  to  improve  ballistic  correction  factors  on 
pre-planned  targets.  Activity  is  associated  with  periods  of  intense  fire 
missions. 

Subjects:  5-man  FDC  teams  comprised  of  voluntaera  from  the  86nd 
Airb'irne  Division.  There  were  4  teams  in  all. 

Resuice:  Team  1  withdrew  from  the  study  at  7:00AM  after  48  hours  of 
operations.  Team  4  withdrew  at  4:00AK  after  48  hours  of  operations. 

These  were  the  teams  that  were  scheduled  to  go  for  as  long  as  86  hours. 

Team  2  showed  some  deterioration  in  the  second  38  hour  challenge, 
with  3  team  members  having  slept  very  poorly  the  previous  evening,  Team 
3  completed  both  38  hour  trials  with  little  performance  deterioration, 
although  they  lost  1  operator  after  6  hours  of  the  second  trial. 

For  all  teams,  accuracy  of  firing  data  for  unplanned  missions  was 
generally  maintained  until  exercise  termination.  In  contrast,  accuracy 
of  firing  data  for  pre-planned  targets  fired  upon  during  on-call  missions 
deteriorated  for  all  teams.  Errors  were  associated  with  omissions  of 
correction  factors  in  speed-accuracy  trade  offs.  Although  accuracy  for 
unplanned  missions  was  generally  maintained,  timeliness  suffered  in  all 
but  one  team.  Video  review  confirmed  that  speed  was  sometimes  sacrificed 
for  accuracy  because  of  increased  individual  latency  and  double  check 
procedures. 

Timeliness  as  well  as  accuracy  suffered  for  on  call  missions  against 
pre-planned  targets  in  teams  1  and  4.  The  quick  responses  to  be  achieved 
by  pre-planning  deteriorated  markedly  in  teaitis  I  and  4  in  those  very 
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situations  where  respoaslveness  was  Judged  to  be  tactically  most  crucial. 
After  approximately  45  hours  (0215  and  0400)  latencies  Increased  by  a 
factor  of  ld>l2  above  Initial  values.  A  median  response  time  of  greater 
than  300  secQnds  was  required  by  team  1  to  deliver  what  artillery  doc¬ 
trine  requires  In  less  than  20  seconds. 

Teams  1  and  4  also  showed  increased  latencies  for  prioritising. 
Changes  200-600X  greater  than  initial  values  ware  evident  after  18  hours 
in  both  teams. 

The  authors  suggest  that  the  quantity  of  work  never  done  may  be  more 
useful  as  an  index  of  team  capacity  and  performance  efficiency  than  in- 
creasqh  errors  or  latencies,  in  the  initial  36  hour  period,  this  ranged 
from  SX  to  38X  for  various  teams.  TasmS  1  and  4  which  worked  for  48 
hours  showed  values  of  34X  and  48X  raspactively. 

The  authors  note  that  teams  1  and  4  ended  their  participation  In  the 
simulation  at  times  corresponding  to  their  circadian  low  points.  They 
speculated  that  Instruction,  experience,  leadership,  and  social  support 
can  attenuSte  the  impact  of  these  physiological  effects. 

The  86  hour  single  sustained  oparatlons  challenge  (for  teams  1  and 
4)  was  more  demanding  at  equivalent  points  in  time  than  the  two  38  hour 
repeated  challenges  separated  by  34  hours  of  rest.  Performance  deterio¬ 
rations  occurred  earlier  and  were  greater.  The  authors  speculated  that 
the  implied  mission  demands  and  self  and  team  doubts  and  uncertainties 
were  responalble. 

Performance  deterioration  appeared  In  most  teams  after  30-36  hours 
in  the  simulation.  The  authors  suggest  that  adverse  environments,  real 
world  situational  uncertainties,  and  combat  conditions  would  likely  have 
additional  disruptive  influences. 

Critique:  This  study  hes  the  merits  of  high  task  validity  end  mean¬ 
ingful  team  oparationa.  It  seanad  well  conceived  and  well  executed. 
Motivation  of  the  subjects  should  have  been  higher  than  in  many  labora¬ 
tory  studlaa  and,  as  noted,  performencs  feedback  wae  given.  This  wai  not 
sufficient  however  to  prevent  elgnificent  deterioration  in  performance  as 
well  as  svsntusl  withdrawsl  from  the  study  by  ths  teams  faced  with  long 
term  sustained  combat  operations. 


DocuBsat  No:  427 

tit It:  EFFECTS  OF  CONTINUOUS  MILITARY  OPERATIONS  ON  SELECTED 
MILITARY  TASKS 

Authori:  Btnkt,  Jamtt  H.,  Sttrnbtrg,  Jack  J.,  Farrtll,  John  P., 

Dthow,  Char Its  Htaty,  and  Dalhamtr,  William  A. 

Astney:  U<S.  Amy  Bthavlor  and  Syatema  Reaaarch  Laboratory, 

Arlington,  VA. 

Data:  1970 

Stratabri  Contlnuoua  oparatlona  taatlng  for  "ntarly  48  hours." 

(Targtt  ttarching,  travel  in  truck,  tactical  patrols) 

Tasks:  Target  acquisition  with  a  Starlight  Scop*;  rlflt  shooting; 
accuracy  of  grtnada  throwing. 

Subjaets:  63  anliatad  parsonnal  from  Exparlmantatlon  Batalllon,  Canp 
Roberts,  CA. 

Rasults!  No  dagradatlon  In  target  dataction  time  was  found  baewaen 
night  1  and  night  2  whan  using  tha  Starlight  Scope  to  starch  for  targets. 
Mean  detection  times  were  actually  somewhat  batter  on  night  2.  Simi¬ 
larly,  no  differences  in  rifle  shooting  and  grenade  throwing  accuracy 
wars  found  between  Day  1  and  Day  2.  It  Is  concluded  that  "troops  can  be 
tactically  employed  for  at  least  44  hours  without  suffering  any  loss  In 
parfcrnanca  In  their  use  of  Starlight  Scopes  or  other  military  tasks  such 
as  rifle  firing  and  grenade  throwing,  if  their  motivation  is  high". 

Unfortunately,  no  baseline  performance  measures  were  presented 
against  which  performance  during  continuous  operations  could  be  compared. 
Further,  the  authors  admit  Chat  the  soldiers  slept  while  being  trans¬ 
ported  to  various  locations  In  trucks  although  they  consider  this  a 
"natural"  type  of  rest  break  chat  occurs  during  continuous  operations , 
Moreover,  when  in  the  foxholes,  two  men  worked  on  a  30  minutes  ou  -  30 
minutes  off  schedule  while  searching  for  targets.  Tha  total  search  time 
was  only  2  hours  before  returning  to  tha  truck  and  Chen  to  the  camp. 

Thus,  there  was  ample  opportunity  for  recovery  naps  between  watches. 

Critique:  Whether  "natural"  or  not,  tha  conditions  of  this  exparl- 
manc  created  a  set  of  circumstances  where  Che  absence  of  performance 
degradation  should  come  as  no  surprise.  Unfortunately,  performance  data 
on  a  presumed  "recovery"  day  were  not  analysed.  Thus,  Che  conclusion 
that  no  loss  In  performance  will  be  experienced  "for  at  least  44  hours" 
should  be  viewed  with  reservation. 
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DoctuacoC  No:  203 


Titlii:  EFFECTS  .OF  CONTINUOUS  OPERATIONS  (CONOFS)  ON  SOLDIER  AND  UNIT 
PERFORldANCE .  PHASE  I:  REVIEW  OF  THE  LITERATURE 

Authori:  B«l«nky,  Gctgoty,  Thomfts,  Krueger,  Gerald  P., 

Headley,  Don  end  Sollck,  Robert 

▲geney:  U.S.  Amy  Combined  Arms  Combat  Developments  Activity 
Dett:  1986 

Hypotheses:  Leek  of  sleep  or  brief  or  fragmented  sleep  may  have 
edyeree  effepte  on  soldier  and  unit  performance. 

Streseorat  Sleep  lose, 

Tasks:  Not  specifically  addressed,  since  this  Is  a  review  article. 

It  is  recognised  that  the  effects  of  sleep  loss  may  be  different  for 
different  kinds  of  tasks. 

Subjects:  Not  applicable. 

Results:  The  following  are  selected  observations  or  conclusions. 

1.  Tasks  which  primarily  require  physical  performance  are 
relatively  immune  to  the  effects  of  sleep  loss. 

2.  the  relationship  between  sleep  lost  and  performance  decre¬ 
ments  on  various  cognitive  tasks  is  well  established  (three 
effects  Include  brief  "lapses"  in  wakefulness,  a  steady 
state  of  reduced  arousal,  manifested  by  reduced  capacity 
for  sustained  selective  attention,  and  a  lowering  mood  and 
motivational  level  with  associated  reduced  initiative.  The 
degree  to  which  each  of  these  mechanisms  affects  perfor¬ 
mance  depends  on  the  nature  of  the  Cask. 

3.  There  is  a  positive  correlation  between  the  length  of  a 
Cask  and  its  sensitivity  to  sleep  lots. 

A.  The  more  cognitively  demanding  the  task,  the  greater  is  its 
sensitivity  to  sleep  loss.  In  many  casks,  accuracy  of 
performance  can  be  maintained  under  sleep  deprived  con¬ 
ditions  if  the  speed  at  which  those  tasks  are  completed  is 
slowed.  For  tasks  Chat  are  externally  paced,  accuracy  is 
compromised  more  quickly  under  sleep  deprived  conditions. 

5.  Tasks  for  which  immediate  feedback  is  given  are  more  resis¬ 
tant  to  the  effects  of  sleep  loss. 

6.  Tasks  which  have  been  well  learned  and  repeatedly  practiced 
are  more  resistant  to  sleep  loss  effects. 

7.  Tasks  which  requlL'e  short  term  memory  uclllBation  are  sen¬ 
sitive  to  sleep  loss. 
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8.  Work  load  Intaracts  with  sleep  deprlvaClon,  producing  more 
severe  effects  when  subjects  are  required  to  work  continu¬ 
ously  through  the  sleep  deprlveclon  period, 

9.  No  amount  of  Interest,  motivation,  or  personal  effort  of 
any  kind  will  be  completely  effective  In  counteracting  the 
effects  of  sleep  loss, 

10.  A  variety  of  studies  (both  laboratory  and  field),  indicate 
that  after  48-72.  hours  without  sleep  soldiers  become  mili¬ 
tarily  Ineffective,  this  Is  especially  true  of  those  with 
command  end  control  responsibilities. 

11.  While  physical  strength  end  endurance  are  relatively  unaf¬ 
fected  by  leek  of  sleep  end  can  be  restored  by  simple  rest, 
sleep  Is  required  to  restore  cognitive  performance. 

12.  Superior  leadership  cannot  overcome  large  quantitative 
dlffarsncas  In  the  amount  of  sleep  obtained. 

13.  Larger  decrements  in  performance  are  Identified  sooner  In 
experiments  Involving  continuous  work  and  embedded  testing 
than  In  studies  employing  Intermittent  testing. 

14.  With  just  3.5  -  4  hours  sleep  par  night,  well  trained, 
highly  skilled  soldiers  can  successfully  control  and  ma¬ 
neuver  complex  man-machine  systems  (aircraft)  for  12-14 
hours  a  day  for  at  least  5  days. 

15.  Soldiers  and  units  can  remain  militarily  effective  for  2-3 
days  without  sleep.  Cognitive  abilities  are  Che  weak  link 
in  the  chain  of  human  performance  in  SUSOPS. 

16.  With  continuous  work,  degradetlon  in  cognitive  performance 
can  be  seen  ae  early  as  18  hours  Into  a  SUSOP. 

17.  The  decline  in  performance  In  continuous  work  without  sleep 
Is  at  least  25X  for  every  24  hours  of  operation  with  Che 
drop  in  performance  occurring  in  a  step  wise  function  in 
Che  early  morning  (0400-0600).  Initiative  and  motivation 
decline  and  parallel  with  cognitive  performance. 

18.  Since  commend  and  control  functions  are  very  similar  quali¬ 
tatively  rmf  different  in  scale)  from  the  level  of  the 
corps  down  to  the  level  of  the  tank  and  infantry  squad, 
SUSOPS  will  degrade  performance  at  all  levels. 

19.  There  are  wide  Individual  differences  in  the  amount  of 
sleep  required  each  night  ranging  from  as  little  as  3.5 
hours  to  as  much  as  10-12  hours.  The  vest  majority  of 
adults  require  6-8  hours  of  sleep  each  night  to  maintain 
adequate,  normal  levels  of  daytime  arousal. 
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20.  Chronic  rescrlction  of  Bleep  length  to  less  than  4.5  hours 
each  night  is  not  possible  this  Is  the  lower  limit  of 
sleep  length  plasticity  for  most  Individuals  and  failure  to 
obtain  at  least  4  to  4.5  hours  sleep  each  night  results  in 
a  rapid  deterioration  of  mood,  motivation,  and  performance 
on  even  the  simplest  of  tasks. 

21.  Even  on  restricted  sleep  schedules  which  allow  more  than 
4.5  hours  of  sleep  per  night,  there  Is  a  cumulative  Bleep 
debt  reflected  by  Increasing  daytime  sleepiness.  This  may 
be  tolerated  for  several  days  or  even  weeks,  but  the  sleep 
debt  la  never  fully  satisfied  until  recovery  sleep  Is 
obtained . 

22.  Training  soldiers  under  sleep  loss  conditions  Is  not  likely 
to  be  effective  In  Improving  performance  under  subsequent 
sleep  loss  conditions. 

23.  The  recuperative  value  of  sleep  Is  dependent  not  only  upon 
the  total  amount  of  sleep,  but  also  upon  the  continuity  of 
that  sleep.  Maximal  recuperative  value  Is  obtained  from 
sleep  which  la  minimally  fragmented. 

24.  Mild  arousals  are  just  as  devastating  to  sleep  continuity 
as  full  awakenings,  and  the  apparent  ability  of  a  sleepy 
soldier  to  sleep  in  loud,  noisy  environments  can  be 
deceptive. 

25.  The  placement  of  sleep  within  the  circadian  cycle  also 
determines  the  recuperative  value  of  sleep.  The  most  re¬ 
cuperative  value  will  be  gleaned  from  sleep  periods  occur¬ 
ring  during  the  troughs  In  the  typical  circadian  rhythm  of 
alertness. 

26.  Sleep  Inertia  effects  are  performance  decrements  which  are 
evident  immediately  upon  awakening,  and  which  can  persist 
for  15-30  minutes  after  awakening  from  normal  sleep.  Sleep 
inertia  effect!  are  evident  for  e  wide  variety  of  tasks, 
particularly  thoaa  requiring  cognitive  performance. 

27.  Partial  prior  aleap  deprivation  diminishes  reserves  for 
coping  with  a  subsequent  SUSOP. 

28.  In  maneuver  warfare  there  are  definable  llmlto  which,  if 
exceeded,  result  In  the  point  of  diminishing  returns  In 
performance  effectiveness  being  reached  with  a  pot«ntial 
for  cataatrophlc  failure.  For  SUSOPS  the  llmlcs  are  bet¬ 
ween  2-3  days.  For  CONOPS  with  minimal  sleep  (t.e.,  less 
than  3  houra  in  24)  the  limit  iu  aaveral  days  to  a  week. 

29.  Cognitive  abilities  are  the  week  link  In  human  performance 
In  CONOPS.  6-8  hours  aleep  each  night  will  maintain  cogni¬ 
tive  performance  Indefinitely.  3-4  houra  will  maintain 
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cognitive  performance  for  5-6  days.  Li'ss  than  3  hours  each 
night  will  lead  to  rapid  declines  in  cognitive  performance 
and  military  effectiveness. 

Critique;  The  authors  appear  to  have  considered  a  major  part  of  the 
Important  literature.  Their  conclusions  appear  rather  definite  consldar- 
ing  the  uneven  quality  of  the  research,  but  may  be  as  defensible  as  any 
that  can  be  drawn  at  this  point  in  time. 
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Oocuac'At  No:  496 


TlClo:  EFFECTS  OP  CONTINUOUS  OPERATIONS  (CONOPS)  ON  SOLDIER  AND  UNIT 
PERFORMANCE  I  REVIEW  OF  THE  LITERATURE  AND  STRATEGIES  FOR  SUSTAINING  THE 
SOU-IER  IN  CONOPS. 

Autboro:  Beleob/,  Grogory  L. ,  Kruogor,  Thonao  J.,  BalRla,  Thomaa  J., 
Haadlay,  Donald  B  and  Sollck,  Robert  E. 

Agancy:  Walter  Read  Army  Inatituta  of  Raaebrch 

Data:  1987 

Streaaorst  Slaap  deprivation  -  varioua  amounta 
Subjaeta:  Military  paraonnal 

Raaulta:  A  review  of  the  literature  with  emphaals  on  CONOPS 
(oontlr.uoua  land  combat  with  aome  opportunity  for  alaap  that  may  be  brief 
ox  fragmactad)  and  SUSOPS  (contlnuoua  laad  combat  with  no  opportunity  for 
alaep).  For  the  moat  part,  no  data  are  nreaentad. 

This  la  almllar  to  the  pravloualy  reported  review  by  the  aama  « 
authora  (Document  No.  203)  but  with  aoma  diffarencea  in  content.  In 
Chaptar  T.  a  large  number  of  concluaiona  are  drawn  Including  how  certain 
mechanlftma  aaaoclated  with  slaap  loss  cause  dacramenta  In  performance: 

(1)  brief  lapses  In  BEG  defined  wakefulness;  (2)  a  steady  state  of 
reduced  arousal  during  EEG  defined  wakefulness;  and  (3)  by  lowering  mood 
and  motivation  lavals. 

Other  concluaiona  include: 

•  After  48-72  hours  without  sleep  loldiars  become  militarily 
Ineffective. 

•  Mood,  motivation,  initiative,  planning  and  preventive  main¬ 
tenance  (both  personal  and  equipment)  decline. 

•  Superior  leadership  helps  but  cannot  overcome  large  amounts  of 
sleep  loss. 

•  Cognitive  peiformance  is  much  more  sensitive  to  adverse  sleep 
loss  effects  than  physical  performance. 

•  Sleep  deprivation  reaults  in  a  steady  state  of  reduced  arousal 
which  Is  manifested  by  c  decreasing  capacity  for  sustained 
selective  attention. 

•  The  performance  decrement  with  sleep  lose  depends  on  type  of 
task  being  parformed  and.  In  particular,  whether  the  task 
requires  continuous  concentration. 

•  Stepwise  declines  in  performance  over  successive  nights  with¬ 
out  sleep  occur  In  association  with  the  normal  circadian 
trough  In  performance  (0300-0600). 

•  6  to  8  hours  sleep  each  night  will  maintain  cognitive  perfor¬ 
mance  Indefinitely.  3  to  4  hours  sleep  will  maintain  cogni¬ 
tive  performance  for  S-6  days.  Less  than  3  hours  sleep  each 
night  will  lead  to  rapid  declines  in  cognitive  performance  and 
hence  military  effectiveness. 
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It  is  concluded  that  soldiers  and  units  cm  remain  militarily  effec¬ 
tive  for  2-3  days  without  sleep.  On  the  other  hand,  It  Is  noted  that 
with  continuous  work  degradation  can  be  seen  as  early  as  1.8  hours  Into  a 
SUSOP.  And,  the  decline  In  performance  Is  at  least  25%  for  every  24 
hours  of  operation  (p  1-8).  It  Is  suggested  that  command  and  control 
functions  will  be  particularly  Impalrad  In  a  SUSOP. 

Chapter  IZ  of  this  report  presents  strategies  for  austalnlnis  the 
soldier  In  CONOPS.  Included  Is  a  useful  summary  of  the  affects  of  sleep 
deprivation,  taken  from  a  report  by  the  UK' s  Army  Personnel  Research 
Establishment.  This  is  reproduced  here. 


Table  It  ABPB  Summary 
EEFECTS  OP  SLEEP  DEPRIVATION 


Effects  on  Mental  Processes 

Lack  of  concentration 
Lapses  of  attention 
Reduced  vigilance 
Slowing  of  action 
Impaired  short-term  memory 

Loss  of  Insight 
Misinterpretation 
Visual  Illusions 
Disorientation 


Mood  Effects 

Fatigue 

Depression 

Irritability 

Loss  of  interest  In  surroundings 
and  events 

Increasingly  dominating 
desire  to  sleep 


Tasks  More  Adversely  Affected 

Sustained 

Unstlmulatlng 

Work  paced 

Surveillance 

Inadequately  learned 

High  Workload 

Complex  decision  making 


Countermeasures 

Rest  periods 
Short  naps 

Shorter  work  periods 
Rotation  of  duties 
High  stats  of  training 
Realistic  training 
Mental  stimulation 
Cross-checking 
Clear  and  simple  orders 
Written  instructions 


UK's  Army  Personnel  Research  Establishment,  1986;  Army  Code  71378 
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Docttaaat  No:  162 


TlClo:  CHANGES  IN  THE  CIRCADIAN  RHYTHM  OF  PERFORMANCE  AND  MOOD  IN 
FCALTHY  YOUNG  MEN  EXPOSED  TO  PROLONGED*  HEAVY  PHYSICAL  WORK,  SLEEP 
DEPRIVATION.  AND  CALORIC  DEFICIT. 

Authors t  Buggs,  Jtn  Frodorlk.  Opstad*  Par  Kristian  and  Magnus, 

Psr  M. 

Aganey:  Norwagltn  Dafansa  Rasaarch  Estahllshnant ,  Division  for  Toxi¬ 
cology,  and  Xnstituts  of  Work  Physiology.  Oslo 

Data:  1979 

Bypbthasla:  Stranuous  and  continuous  fiald  oparatlons  will  affact 
tha  circadian  rhythm  of  parforaanea  and  mood  of  military  parsonnal. 

Straasorsi  Slaap  llmitad  to  roughly  1-2  hours  during  a  5-day  Rangar 
training  course  involving  mora  than  100  hours  of  continuous  activitiss; 
caloric  intaka  of  approximataly  1600  kCal/D  wharaas  tha  axpandltura  was 
8,000-10,000  kCal/D.  Non  tast  pariods  wara  charactarlzad  by  "strenuous 
and  continuous  fiald  oparatlons",  not  otharwlsa  dascrihad. 

Tasks:  (1)  Digit-symbol  coda  east,  which  is  assumed  to  meAsura  vis¬ 
ual  acuity,  motor  coordination,  and  spaed  of  Msociation  (5  minutes):  (2) 
logical  reasoning  test,  calling  for  tha  understanding  of  sentences  of 
various  levels  of  syntactic  complexity  (assumed  to  msasura  "higher  mental 
procsssas")  (5  minutes):  and  (3)  latter  cancallation  task,  a  perceptual 
speed  tast  with  a  small  motor  component  (5  minutes). 

The  tests  ware  administered  7  times  during  each  24  hour  period  at 
approximately  4-hour  intervals. 

Subjects :  18  cadets  at  the  Norwegian  Military  Academy 

Results:  All  tests  showed  significant  and  substantial  Impairment 
during  the  Ranger  course.  The  lowest  level  of  performance  occurred  on 
day  4  with  a  reduction  to  50-60%  of  tha  baseline- values .  4  days  were 

raquired  (amount  of  sleep  not  specified)  before  there  was  full  restitu¬ 
tion  of  performance  to  baseline  levels. 

During  baaelina  and  recovery  days  all  tests  shoved  a  circadian 
rhythm  of  performance  (plus  or  minus  lOX  of  the  24-hour  mean)  with  the 
low  values  at  night,  moat  often  with  a  trough  around  0400. 

During  the  Ranger  course,  the  circadian  variation  was  much  more 
pronounced  (plus  or  minus  40%  for  logical  rsasoning,  plus  or  minus  30% 
for  coding,  and  plus  or  minus  20%  for  latter  cancellation).  Tha  greatest 
oscillation  in  performance  occurred  on  day  4  whan  the  subjects  had  been 
exposed  to  long  lasting  slsap  deprivation  and  physical  work. 

A  mood  state  score  correlated  vary  highly  with  perceptual  and  cogni¬ 
tive  pecformancei  .86  with  coda  test  scores,  .90  with  logical  reasoning, 
and  .90  v.ith  letter  cancellation. 
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On  the  fourth  day  there  ware  major  fluctuatlona  In  arousal,  and  the 
Bubjacts  had  to  be  awakened  when  they  fell  asleep  during  testing.  The 
authors  concluded  that  the  subjects  experienced  brief  periods  of  "micro 
sleapi"  which  may  have  bean  reflected  In  the  substantial  variability  in 
performance  between  test  occasions.  The  authors  feel  that  the  higher 
range  of  oscillation  Indicates  that  the  combined  affects  of  sleep  loss 
and  physical  emhaustlon  potentiate  the  fluctuations  of  the  natural  cir¬ 
cadian  rhythm. 

Critique:  This  Itudy,  good  In  many  raspeets,  can  be  criticised  on 
two  counts:  (I)  the  fallnre  to  employ  any  operationally  relevant  perfor¬ 
mance  tasks;  and  <2)  the  very  short  dhratlons  of  the  tests  of  psycho¬ 
logical  functions.  This  was  partially  compensated  for  by  the  large 
number  of  testing  periods  every  24-hours,  but  teste  of  longer  duration 
might  have  shown  earlier  and  more,  pronounced  effects  of  the  stressors. 
Desplts  extraordinary  fatigue  and  loss  of  sleep,  subjects  are  probably 
capable  of  considerable  compensatory  effort  for  tasks  of  only  5  minutes 
duration. 
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Docuatnt  No;  499 


Tltl«:  CONTINUOUS  OPERATIONS  STUDY  (CONOPS)  FINAL  REPORT 
Authori:  Dtwulf,  G*n«,  A. 

Aginey:  tJ.S.  Army  Combinod  Anti  CombiC  Divilopminc  Activity,  Fere* 
Dcilgn  Dlribtorati,  Ft.  Liavcnvorth,  Kansas 

pats:  1987 

Stvsssor;  Fatigua  dua  to  ilaap  deprivation  during  CONOPS  and  SUSOPS. 
Taski:  Diffarant  kinds  of  taika  ara  considarad  in  a  ganarie  sanss 
particularly  thbaa  thought  to  ba  aest  auscaptibla  to  ths  dagrading 
affaots  of  alaap  loss  including:  oonmand  and  control,  raconnalssonoa , 
logistical  support,  and  conmtinioations . 

Subjects:  The  primary  focus  is  on  parsonnal  in  tha  ground  manauvar 
force . 

Results:  This  is  a  compilation  of  results  from  rasaarch,  from  ax* 
parlance  at  tha  National  Training  Canter  <NTC),  and  from  historical  com¬ 
bat  angagamants  conoamlng  tha  impact  of  CONOPS  on  individual  soldiers 
and  unit  affactivanass .  Tha  principal  focus  was  on  human  performance 
degradation  due  to  sleep  deprivation  during  a  high  intensity  European 
scenario.  Over  400  research  articles  ware  raviavad.  Conclusions  pri¬ 
marily  reflect  those  of  studies  that  are  reported  elsewhere  in  this  re¬ 
view,  Interviews  are  conducted  with  24  leaders  who  had  had  NTC  experi¬ 
ence  within  the  prior  2  years.  These  focused  on  tha  training  and 
organizational  techniques  used  by  unit  rotations  at  NTC  to  enhance  their 
CONOPS  capability.  In  addition,  a  survey  of  existing  combat  models  was 
conducted  to  determine  ways  that  simulation  techniques  could  portray 
CONOPS . 

The  following  conclusions,  among  others,  are  drawn: 

1.  6-8  hours  of  sleep  per  night  maintains  performance 
indefinitely, 

2.  4-5  hours  of  sleep  per  night  will  maintain  effective  perform¬ 
ance  for  S-6  days. 

3.  After  36-48  hours  of  continuous  work  without  sleep,  6  or  less 
hours  of  sleep  is  generally  inadequate  to  return  to  normal  per¬ 
formance  levels.  4-6  hours  to  sleep  can  raise  performance  levels 
from  50%  of  baseline  to  only  73%  of  the  initial  performance 
levels . 

4.  A  combination  of  12  hours  sleep/rest  is  required  to  recover 
following  36-48  hours  of  acute  sleep  loss, 

3,  Where  high  cognitive  workloads  are  involved,  24  hours  of  sleep/ 
rest  are  recommended  after  36-48  hours  of  sleep  loss. 
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6.  Cognitive  abllltlts  dagrada  mora  rapidly  than  physical  strength 
and  andurance;  dagradatlon  of  eognltlva  parformanca  comes  as 
aarly  as  Id  hours  into^  sustained  work. 

7.  Spaad  and  accuracy  ara  tradeoffs  during  sustained  operations. 
Generally,  accuracy  will  be  sustained  and  spaad  will  be  sacrl- 
fiad;  however  the  likelihood  of  errors,  espscially  errors  of 
commission  incraasaa, 

8.  Ths  declins  in  performance  when  working  continuously  without 
sleep  is  about  25X  for  every  24  hours  of  operation. 

9.  Mood,  morale,  initiativa  and  motivation  decline  in  parallel  with 
cognitive  performahea, 

10.  When  complex  tasks  are  over-learned,  performance  deterioration 
can  ba  staved  off  for  up  to  24-48  hours  of  sustained  operations, 
(pp.  4-5). 

It  is  reported  that  early  rotations  to  the  MTC  often  had  problams 
with  sleep  deprivation.  Recent  rotations  reportedly  have  dona  much  bet¬ 
ter  through  delegation  of  critical  tasks  performed  by  key  personnel. 

This  reflects  the  unit's  level  of  training  and  cross  training,  as  well  as 
operating  procedures. 

It  is  concluded  that  commend,  control  and  communication  is  the  area 
most  susceptible  to  performance  degradation  due  to  sleep  loss,  based  on 
NTC  experisnes.  The  particular  areas  of  concern  are  decision  making, 
troop  leading,  and  operations  security.  It  is  reported  (page  7)  that  the 
fatiguing  effects  of  CONOPS  are  reflected  in  a  decreased  flow  of  infor¬ 
mation  after  the  first  18  hours  of  sustained  operations,  problems  due  to 
cumulative  sleep  loss  are  also  reported  to  affect  the  performance  of 
scout  platoons  and  support  platoons  (pages  8-9). 

A  review  of  a  number  of  modela  (admittedly  not  all  those  available) 
led  to  the  conclusions  thati  (a)  existing  simulations  do  not  portray  the 
effects  of  sleep  deprivation  on  performance  during  CONOPS;  (b)  there 
should  be  model  Input  data  variables  associated  with  a  time  period  or 
time  distribution  for  humans  to  complete  certain  tasks;  (c)  there  should 
be  modal  input  data  variables  associated  with  an  error  rate  related  to 
"man  in  the  loop."  It  is  stated  that  simulation  models  currently  do  not 
account  for  degradation  in  human  performance  from  sleep  loss  because: 

(a)  the  length  of  combat  scenarios  is  relatively  short  (24-36  hours);  and 

(b)  appropriate  degraded  data  that  represent  a  given  task  or  process 
being  performed  by  a  soldier  with  a  given  amount  of  sleep  loss  ace  not 
available. 

It  is  felt  that  AURA  is  ths  only  model  which  has  the  potential  to 
explicitly  account  for  the  work/rest  cycle  of  a  unit.  It  is  reported 
that  this  modal  is  being  modified  to  represent  loss  of  efficiency  of  a 
unit  due  to  sleep  loss. 
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It  la  auggcatcd  that  the  followlag  variable  Inputa  can  be  adjusted 
to  Implicitly  portray  the  effects  of  CONOPS: 

1.  Target  detection  (scan  and  dwell  duration,  and  detection  error). 

2.  Weapon  engagement  (time  to  fire  and  aubaequent  rounds)  and  wea¬ 
pon  accuracy  due  to  degraded  human  interaction  with  the  weapon 
ayatem, 

3.  Report  proceaalng  duration. 

4.  Time  to  load  and  unload  aupply  trucks. 

5.  Travel  time  to  and  from  supply  destination  point. 

6.  Time  for  engineer  units  to  complete  tasks. 

7.  Halntananea  repair  times. 

8.  Tine  to  decontaminate  units  (page  11). 

Thla  report  also  Ineludaa  reports  reviewed  elsewhere  In  this  docu¬ 
ment  (see  particularly  the  joint  WRAIR/AIR  report  by  Belenky,  et  al. 

(1986  and  1987),  and  by  Krueger  et  al.,  1985).  Case  studies  from  WWII 
are  Included,  as  are  the  results  of  the  Interviews  conducted  with  leaders 
who  reported  on  the  effects  of  continuous  operations  at  NTC  on  the  per¬ 
formance  of  their  personnel. 

CriCiquei  The  conclusions  drawn  In  this  document  heavily  reflect 
prior  research  and  appear  rather  definite  given  the  uneven  quality  of 
that  can  be  reached  at  the  present  time. 

The  very  Important  tie  of  the  research  results  to  operational  ex¬ 
perience  during  CONOPS  at  NTC  Is  based  entirely  on  subjective  (Interview) 
data  which  are  not  fully  convincing.  For  example,  only  5  of  24  respon¬ 
dents  ffilt  that  continuous  operations  significantly  degraded  the  perfor¬ 
mance  of  command,  control  and  communications  personnel.  Five  of  24 
respondents  felt  that  performance  of  ecout  platoons  was  significantly 
affected  by  CONOPS  and  6  of  24  felt  the  performance  of  support  platoons 
was  adversely  affected.  However,  13  of  24  felt  that  the  flow  of  infor¬ 
mation  was  significantly  slowed,  pertlcularly  In  the  late  night /early 
morning  hours.  Future  work  ehould  be  directed  toward  more  objective 
measures  of  these  important  effects. 


Doeumtnt  No:  062 


Title:  THE  EFFECTS  OF  SLEEP  DEPRIVATION  ON  PERFORMANCE  OVER  A  48- 
HOOR  PERIOD 

Authore:  Drucker,  Eugene  U.,  Cenon,  L.  Dennis,  end  Were,  J.  Roger 
Agenep:  Humen  Reeourcee  Reeeerch  Office 
DeCet  1969 

Hypotheeie:  Neerly  continuous  work  In  the  context  of  48  hours  of 
vekefulnest  effect  trecklng  performence  end  terget  detection  teeke. 

Sereesotst  Sleep  deprivetlon  for  48  hours {  e  oontlnuoue  work  pettern 
of  1  1/2  hours  of  work  followed  by  e  IS  minute  breek,  repetitively,  with 
e  1  hour  neel  breek  every  6  hours . 

Teskei  Continuously  trecklng  a  winding  roed  ou  e  driving  slmuletoti 
ettempting  to  detect  brief,  infrequent  light  signels  presented  on  e  lerge 
screen.  These  two  tesks  were  performed  independently  by  members  of  2  men 
teems.  In  some  experimentel  conditions  the  subjects  performed  the  seme 
tesk  throughout  the  experiment;  in  others,  they  rotated  Jobs  after  each  1 
1/2  hour  period. 

Subjects:  142  snlinted  men  trained  in  armor,  divided  into  experi¬ 
mental  end  control  groups.  Subjects  In  the  control  groups  were  allowed 
to  sleep  during  the  night  hours. 

Results:  Sleep  deprived  subjects  performed  significantly  worse  on 
the  driving  tesk  then  the  control  subjects.  They  also  performed  more 
poorly  on  the  target  detection  task,  although  there  were  no  comparative 
date  for  the  period  from  0200  to  0700  because  the  control  subjects  ware 
sleeping  at  that  time.  It  was  during  this  period  when  the  experimental 
group  showed  its  major  performance  decrement.  The  decrements  were  much 
larger  during  the  second  night  than  during  the  first  night.  Decrements 
in  performance  over  the  48  hour  work  period  ware  not  eliminated  by  allow¬ 
ing  the  subject  to  rotate  Jobs  periodically. 

Under  laboratory  conditions  largo  performance  decrements  occur  when 
man  perform  a  task  for  48  hours  without  sleep.  Decrements  in  performance 
occur  primarily  at  night,  especially  during  the  second  night  of  a  48  hour 
period . 

The  authors  call  for  a  field  experiment  to  validate  these  findings, 
and  speculate  that  the  greater  amount  of  activity  in  the  field,  as  well 
as  an  Increase  in  the  motivation  of  the  subjects,  might  reduce  the  magni¬ 
tude  of  the  performance  decrements  found  In  this  study  (sea  Ainsworth  and 
Bishop  (1971)  for  results  of  the  field  study). 

Critique:  This  study  has  the  merit  of  requiring  the  subjects  to 
engage  in  relatively  continuous  performance.  The  marked  circadian  ef¬ 
fects  probebly  reflect  the  monotony  of  the  task  assignments  although  it 
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Is  latersatlag  that  ths  affect  of  te.sk  rotation  was  not  appreciably 

ameliorative.  It  is  noteworthy  that  neither  the  15 
1  houc  meal  break  every  six  hours  was  sufficient  to  prevent  the  decre- 
ment  Ptobab'’y  the  principal  crlttciam  of  this  study  la  that  the  experi- 


Doeamcat  Not  099 


Titl«!  MODERATE  PHYSICAL  WORK  EFFECTS  ON  PERFORMANCE  AND  MOOD  DURING 
SUSTAINED  OPERATIONS  (SUSOPS) 

Authors:  England,  Karl  E.,  Naltoh,  Paul,  Rynan,  David,  and  Hodgdon, 

Jaaai  A. 

Agoneyi  Naval  Haalth  Reaaarch  Cantor 
Data:  1983 

Bypothasas:  Extandad  parlodi  of  continuous  physical  work  will  affact 
mantal  affactlvanaas. 

Straaaorsi  2  20-hour  continuous  work  aplsodas  saparatad  by  5  hours, 
including  a  3-hour  nap  fron  0400  to  0700.  in  addition  to  raducad  slaap, 
axparimantal  aubjacts  walkad  a  traadiaill  in  full  combat  gaar  (25  Kg)  at 
312  max  VO2  haart  rata  for  a  total  dlatanca  of  approxlmataly  11  km  par 
aplsoda.  Traadmill  speeds  ranged  from  3.2  to  4.8  Km  par  hour  dapandlng 
upon  the  physical  fitness  of  the  subject.  Distance  covered  In  the  23 
hours  of  baseline  and  continuous  work  episodes  averaged  92.6  9.6  Km, 

and  ranged  from  77  to  121  Km. 

Teaks:  Rapid  alternation  (a  psyehomotor  test),  simple  reaction  time, 
rifle  dlsassambly/reaasembly ,  a  slmulatod  Naval  anti-air  warfare  task, 
and  an  air  defense  game.  Psychological  tests  Included  a  test  of  logical 
reasoning,  auditory  word  mamory,  four-choice  serial  reaction  time,  visual 
memory,  reading,  and  a  visual  vigilance  task. 

Subjects:  22  mala  Marinas  from  a  reconnaissance  battalion  at  Camp 
Pendleton,  California. 

Raeults:  The  physical  workload  appeared  to  cause  no  significant 
decrements  in  performance.  However  performance  decrements  were  found 
between  the  initial  phase  of  continuous  work  and  the  end  of  the  second 
continuous  work  period.  These  were  Judged  to  be  the  result  of  sleep  loss 
and  the  circadian  cycle.  Performance  decrements  ranged  from  9-55%. 

Simple  reaction  time  increased  by  10%  to  33%.  Vigilance  dropped  by  about 
10%  in  the  second  phase  of  the  operation.  Performance  after  the  3-hour 
nap  (as  measured  at  0800)  was  not  significantly  different  from  the  ending 
performance  level  of  the  Tirst  continuous  work  period,  Vlsurl  vigilance 
showed  a  highly  systematic  difference  throughout  the  performance  period 
when  comparing  result j  during  the  first  and  second  continuous  work  peri¬ 
ods,  with  performance  notably  poorer  in  the  second  work  period.  The 
number  of  correct  detections  in  the  four  choice  serial  reaction  time  teat 
increased  from  baseline  for  control  subjects  (a  learning  affect  probably) 
whereas  it  decreased  for  the  experimental  subjects. 

The  authors  conclude  that  the  physical  work  load  did  not  signifi¬ 
cantly  effect  performance,  but  sleep  loss  end  circadian  effects  produced 
performance  decrements  in  some  tasks.  Decrements  increased  as  the  sus¬ 
tained  operation  stretched  out  into  the  long  hours  of  night  and  early 
moral ng. 
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It  waa  also  coocludad  that  physical  voricloads  greatar  than  SOX  max  VO2 
may  produce  more  rapid  and  significant  decreases  In  performance. 

Critique:  Unfortunately,  few  of  the  performance  data  are  plotted  as 
a  function  of  time.  Hather  the  authors  depend  on  reporting  results  In 
terms  of  analysis  of  variance.  Overall,  the  performance  results  are 
poorly  reported,  probably  becauae  of  the  investigators'  central  Interest 
in  physiological  measures.  Zt  seems  likely  that  the  performance  tests 
ware  too  short,  and  of  uncertain  operational  relevance,  for  adequately 
answering  the  question  of  how  physical  workload  affects  performance.  As 
the  authors  themselves  noted,  greeter  physical  workloads  than  those  em¬ 
ployed  might  have  produced  more  rapid  end  eignlf leant  decreases  in 
performance. 
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Ooeuaant  No :  304 

Tltlo:  COGNITIVE  PERFORM^iNCE  DURING  SUCCESSIVE,  SUSTAINED  PHYSICAL 
WORK  EPISODES 

Authors:  Snglund,  Carl  B.,  Ryman,  David  H.,  Naltoh,  Paul,  and 
Hodgdon,  Jamas  A. 

Agaaeyt  Navy  Hsalth  Rsasarch  Csntsr,  San  Dlago 
Data:  I98S 

Hypothsslsi  Tha  eomblnad  affaet  oC  physical  work  and  alsep  lots, 
during  aplaodas  of  continuous  work,  advsrsaly  affacta  cognltlva 
parformanca. 

Straaaorsi  Only  l  3*-hour  nap  during  48  hours  of  continuous  work; 
walking  tha  traadmlll  for  a  total  of  6  hours  whsra  tha  traadmlll  spaad 
was  datarminad  by  haart  rata  and  sat  to  corraapond  to  an  anargy  axpandl- 
tura  aqual  to  30X  of  tha  aubjact'a  VO2  max.  A  control  group  of  sub- 
Jacta  did  not  angaga  In  physical  work,  but  otharwlaa  followed  tha  same 
work  achadulas, 

Tasks:  An  air  dafansa  gams  In  which  tha  playar  must  daclda  an  opti¬ 
mal  tlma  to  launch  a  mlaslla  on  tha  basla  of  target  spaad.  The  average 
range  of  Intarcapt  was  tha  paefornsnea  msasura.  Tha  game,  which  lasts  30 
minutes,  is  dascribad  as  highly  motivating,  requiring  sustained  attention 
and  timely  decisions. 

Cognitive  tests  included  a  logical  reasoning  test,  alpha  numeric 
visual  vlgl lanes  task,  auditory  word  memory  tost,  visual  memory  test, 
four-choice  serial  reaction  tlma  test,  and  tests  of  reading  comprehen¬ 
sion,  rate  and  efficiency. 

When  the  experimental  subjects  took  the  vigilance  test,  they  did  so 
while  walking  the  treadmill,  wearing  full  combat  gear,  and  carrying  a 
pack  and  rifle.  Tha  control  group  took  tha  same  test  In  front  of  a  video 
monitor  screen  while  seated  In  a  chair. 

Subjects:  22  volunteer  Marina  raconnalesanca  personnel  from  Camp 
Pendleton,  CA. 

Results:  Performance  on  the  various  casks  was  dlffersntlally  af¬ 
fected  by  slaep  loss,  physical  work,  and  elms  of  day.  Performance  on 
the  alpha  numeric  visual  vigilance  test  decreased  by  lOX,  averaged  across 
all  subjects,  on  Che  2nd  continuous  work  day.  Their  ability  to  correctly 
Identify  objects  of  different  shapes  (shape  memory  test)  also  decreased 
by  the  same  psreentaga.  Tha  authors  state  Chat  exercise  may  have  delayed 
the  decrement  In  alpha  numeric  target  datectlon  for  as  much  as  8  hours 
Into  the  second  continuous  work  day. 

Control  subjects  who  worked  at  sustained  sedentary  CRT  monitoring 
suffered  as  much  as  a  12X  dscremant  after  Just  I  day  without  soma  physi¬ 
cal  exercise  between  tasks.  It  was  concluded  that  moderate  exercise 
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whlla  Attending  to  a  CRT  may  extend  target  detection  performance  levels  8 
hours  and  may  limit  the  performance  decrement  when  it  occurs. 

The  results  also  Indicated  that  taking  a  3-hour  nap  between  nucces- 
slve  21  hour  sustained  operations  had  no  immediate  effect  on  performance 
of  cognitive  tasks  (at  least  during  the  flrat  part  of  the  2nd  continuous 
work  aesalon). 

Throughout  the  experiment  the  control  group  was  able  to  remember  the 
details  of  a  recently  read  passage  batter  than  the  experimental  group. 

The  authors  feel  that  this  result  supports  the  work  of  Banderet,  at  al., 
(1980)  whose  subjects  in  the  Fire  Direction  Center  simulation  began  to 
ignore  or  miss  important  spoken  message  details  after  extended  periods  on 
duty,  which  resulted  in  endangering  friendly  troops.  (See  #182). 

It  is  stated  that  there  were  no  significant  2-way  interactions  for 
groups  by  days  for  any  of  the  measures,  indicating  that  the  repeated 
moderate  exerclaa  combined  with  sleep  loss  did  not  have  a  direct  Impact 
on  the  cognitive  functions  measured  in  this  study.  It  is  claimed  that 
this  supports  the  findings  of  most  other  researchers  who  have  not  found 
performance  decrements  from  exercise  with  sleep  loss. 

Performance  on  the  air  defense  game,  which  the  subjects  found  quite 
interesting,  may  have  actually  improved  slightly  over  the  course  of  the 
two  continuous  work  days.  It  la  speculated  that  performance  on  interesting/ 
exciting  casks  can  continue  to  show  learning  trends  up  to  2  days  in  npite 
of  numerous  previous  practice  trials  and  modarate  sleep  loss.  Competi¬ 
tion  and  interest  are  seen  as  strongly  motivating  factors  in  this  regard. 

Finally,  "the  results  from  this  study  indicate  that  moderate  exer¬ 
cise  does  not  combine  with  sleep  loss  to  further  decrease  cognitive  per¬ 
formance.  Variability  at  different  times  of  the  day,  however,  appeared 
to  have  a  greater  impact  on  cognitive  abilities  than  the  sleep  loss  or 
exercise  levels." 

Critiqus:  During  the  continuous  work  sessions,  subjects  in  the 
experimental  group  spent  the  first  30  minutes  of  each  hour  walking  the 
treadmill  while  control  subjects  aat  in  front  of  a  video  monitor.  The 
remainder  of  each  hour  was  spent  doing  the  various  ocher  tasks.  This 
alternating  period  of  walking  and  performing  sedentary  tasks  may  generate 
unique  outcomes  with  respect  to  the  complexities  of  physical  and  mental 
fatigue.  Indeed  it  would  not  be  surprising  that  the  walking  teaks  served 
as  an  arousing  stimulus  for  many  of  the  subsequent,  more  sedentary  casks. 
Whether  the  level  of  energy  expenditure  (30X  of  VOg  max),  which  the 
authors  described  as  a  "moderate  level"  of  effort  was  in  any  way  compar¬ 
able  to  what  troops  might  encounter  under  combat  conditions  is  a  matter 
not  addressed  in  Che  article. 
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Document  No:  552 


Title:  SELF-PACED  HARO -WORK  COMPARING  MEN  AND  WOMEN 

Authore:  Evans,  W.  J.,  Wlnsmann,  F.  R.,  Pandolf,'  K.  B. ,  Goldman, 
R.  F. 


Agency:  U.S.  Army  Research  Institute  of  Environmental  Medicine 
Date:  1980 

Hypochesls:  Individuals  of  different  VO2  nax  and  body  composition 
adopt  different  fates  when  working  hard  at  their  own  pace  and  therefore 
move  at  different  speeds. 

Strossors:  Four  different  terrains  (heavy  brush,  light  brush,  dirt 
road,  and  blacktop  road)  and  three  different  external  loads  (0,  10,  and 
20  kg  backpacks)  were  studied.  Subjects  were  requested  to  walk  over  the 
terrain  in  as  short  a  time  as  possible. 

Time  on  course  was  used  to  determine  speed  and  energy  expenditure. 

Tasks:  Walk  on  varying  terrains  (actual)  with  load. 

Subjects:  6  male  and  6  female  subjects,  fit. 

Results:  Walking  speed  and  energy  expenditure  of  the  males  were 
found  to  be  significantly  greater  chan  Chose  of  the  females  over  all 
terrains  and  for  each  load  carriage  condition.  Relative  ene: <:;'<pendl- 
tures  (I  VO2  uax)  of  the  males  and  females  for  all  conditions  .vute  very 
similar  and  constant  at  a  value  close  to  45Z  VO2  max.  Females  are 
remarkably  consistent  In  maintaining  the  samo  self-paced  "hard"  energy 
expenditure  regardless  of  Che  load.  Results  Indicate  chat  the  voluntary 
hard  work  rate  Is  dependent  upon  maximal  aerobic  power. 

The  best  predictor  of  speed  for  self-paced  hard  work  of  males  and 
females  for  1  to  2  hours  duration  appears  to  be  based  on  451  of  maximal 
aerobic  power.  Changes  In  work  duration  or  external  load  could  change 
Che  self-pacing  rate,  and  the  resulting  XVO2  max. 

The  above  suggests  Chat  a  value  close  to  45Z  VO2  max  may  be  a 
better  predictor  of  troop  mobility  for  heterogeneously  fit  populations 
Chan  the  maximal  voluntary  pace  of  494  W  (6.96  kcal/mln).  The  men  tended 
to  adjust  their  Individual  pace  much  closer  to  494W  than  did  the  women, 
but  both  men  and  women  worked  at  nearly  the  same  percentage  of  their 
maximal  aerobic  power  for  the  1  to  2  hr  duration  throughout  the  study. 

Critique:  The  nature  of  the  task  and  subjects,  and  the  use  of  real- 
world  terrain  enhance  the  value  of  the  study.  The  duration,  between  1  to 
2  hours,  Is  quite  short,  but  su.bsequent  studies  by  this  lab  have  ad¬ 
dressed  this  issue  (see  Levine  et  al.,  1982,  1^553). 
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Document  No:  285 


Title:  HUMRRO  STUDIES  IN  CONTINUOUS  OPERATIONS 
Author:  Haggard,  Donald  F. 

Agency:  Human  Reaourcea  Reaearch  Organlxatlon 
Date:  1970 

Hypotbeeee:  (1)  When  little  physical  labor  is  required,  erev  tasks 
having  high  cognitive,  perceptual,  or  perceptual-motor  loadings  will  be 
Buaeeptihle  to  significaht  fatigue  decrements  frqm  long  term  operations; 
(2)  The  diurnal  cycle  will  have  a  significant  effect  on  performance;  (3) 
Varying  tasks  by  means  of  Job  rotation  will  lessen  decrements  only  if  the 
job  includes  tasks  with  different  human  requirements. 

It  was  stated  that  these  hypotheses  are  in  conflict  with  generally 
accepted  military  opinion  which  holds  that:  (a)  men  performed  similar 
Jobs,  particularly  during  WWXl  for  much  longer  periods  (chan  48  hours) 
without  any  perceived  performance  decrements;  (b)  allowing  men  to  sleep 
until  Just  belure  a  night  operation  overcomes  any  diurnal  effects;  and 
(c)  Job  rotation  within  a  cross-trained  tank  crew  prevents  endurance 
decrements. 

Stressors:  48  hours  without  sleep  (1  1/2  hours  of  work  followed  by  a 
15  minute  break,  repeated  continuously  except  for  a  1  hour  meal  break 
every  6  hours). 

Tasks:  (1)  A  continuous  surveillance  task  requiring  the  subject  to 
respond  to  a  momentary  light  flash  in  one  of  four  scenes;  and  (2)  a  con¬ 
tinuous  simulated  driving  task  employing  a  tank  steering  wheel,  a  light 
source,  and  a  moving  belt  that  represented  a  winding  pathway.  Photo 
cells  behind  Che  belt  were  activated  by  the  light  source  when  the  men 
steered  Improperly,  providing  a  measure  of  time  off  the  pathway. 

In  a  second  study,  five  basic  types  of  activities  in  armored  combat 
gunnery  surveillance,  communications,  driving  and  maintenance  were  em¬ 
ployed.  (The  results  of  this  second  study  are  reported  in  document  063 
by  Ainsworth  and  Bishop,  (1971)). 

Subjects:  142  enlisted  men  trained  as  tank  crewmen. 

Results:  Large  performance  decrements  resulted  from  48  hours  of 
operation  without  sleep.  Decrements  occurred  primarily  at  night  especi¬ 
ally  during  Che  second  night  of  the  48  hour  period.  During  the  second 
night  the  experimenters  found  it  impossible  to  keep  the  men  awake. 

Job  rotation  had  mixed  effects,  possibly  reducing  the  decrement  In 
driving  (which  might  Induce  unique  muscular  fatigue)  but  not  reducing  the 
decrement  in  surveillance. 

The  author  concluded  that  this  study  should  be  repeated  (It  was,  see 
Ainsworth  &  Bishop,  1971,  sununariced  earlier)  in  the  field  where  perfor¬ 
mance  decrements  of  the  type  found  in  the  laboratory  might  be  negated  by 
the  increased  crew  motivation  expected  In  a  field  operation. 
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CrltlquA:  The  •xp«rimeat&l  casks  employed  la  this  study  probably 
reprcseated  an  excretae  Insofar  as  esdium  and  continuous  perfonnance  de¬ 
mands  are  concerned.  It  is  clear  that  task  motivation  per  as  was  inade¬ 
quate  for  maintaining  performance  or  even  wakafulness.  Whether  or  not 
the  increased  mocivatlon  of  operating  in  the  field  would  overcome  these 
effects  is  problematic.  Unfortunately  the  subsequent  field  study  by 
Ainsworth  end  Bishop  failed  to  answer  the  question  because  of  the  design 
limitations  of  that  study  (see  synctpeis  for  Ainsworth  and  Bishop  in  this 
section. ) 
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Docuaent  No:  106 

Tit It:  MILITARY  PERFORMANCE  OF  SOLDIERS  IN  CONTINUOUS 

OPERATIONS:  EXERCISES  "EARLY  CALL"  I  AND  II. 

Autlior:  Uaslui,  Dl«n«  R. 

Agauep:  Army  Paraonnal  Research  Bstablithment  (U.K.) 
bate;  1981 

Bypotbeaia:  The  amount  of  dally  sleep  (0^  1.5,  or  3  hours)  will 
affect  the  performance  of  soldiers  engaged  in  eoutinuoue  operations  over 
a  9  day.  period.  '  ' 

Strdssora:  (1)  Total,  or  extensive  sleep  deprivation  for  up  to  9 
days;  (2)  Various  physical  activities  associated  with  a  defensive  role 
against  a  small  number  of  "enemy"  troops.  In  Early  Call  II  (at  least) 
this  involved  digging,  camouflaging,  and  occupying  a  full  seetioti  defen¬ 
sive  position.  Other  activities  included  mine  laying,  mine  clearing, 
first  aid,  and  casualty  evacuation.  There  were  "many  other  acilvltlns". 
throughout  each  24  hours  that  took  up  much  of  the  day  and  night. 

Tasks:  (1)  Vigilance  shooting,  a  test  which  combines  vigilance  with 
shooting  at  targets  at  ranges  of  100,  200  and  300  meters  which  ware 
briefly  exposed  (5  seconds).  This  task  was  of  20  minutes  duration  end 
Involved  9  rounds  of  fire;  (2)  grouping  capacity,  which  required  the 
subject  to  fire  five  rounds  of  shots  into  as  small  an  area  as  possible; 
(3)  weapon  handling  tests  Including  filling  the  magazine  by  hand,  loading 
and  unloading  the  rifle  in  a  etanding  position,  stripping  the  rifle  ai\d 
assembling  the  rifle;  and  (4)  cognitive  tests  including  encoding/ 
decoding,  map  plotting,  short  term  memory  (digit  span),  logical  rea¬ 
soning,  and  the  Stroop  test. 

Subjects:  Three  platoons  consisting  of  68  members  of  the  Parachute 
Regiment . 

Results:  All  of  the  platoon  that  received  no  sleep  withdrew  from  the 
axeteifBe  after  four  nights;  39X  of  the  group  receiving  1.5  hours  sleep 
withdrew  by  day  5,  but  48X  of  that  platoon  completed  the  entire  exercise. 
91%  of  the  platoon  receiving  three  hours  sleep  completed  the  exercise. 

For  all  three  plato>  as,  vigilance  shooting  was  signlf Icatitly  worse 
under  sleep  deprivation  chan  under  control  conditions.  However,  there 
was  no  overall  deterioration  with  sleep  loss  In  regards  grouping  capa¬ 
city.  The  same  was  true  for  weapons  handling  testa. 

For  the  majority  of  the  cognitive  tests,  there  was  a  rapid  deterio¬ 
ration  In  performance  over  the  first  four  days  of  sleep  loss.  In  most 
tests,  for  all  three  platoons,  performance  on  the  exparlm^ntal  days  was 
significantly  worse  than  on  the  control  days,  and  there  a  significant 
deterioration  over  the  sleep  deprivation  days.  Performance  on  the  cogni¬ 
tive  tests  In  general  was  not  significantly  different  for  ..he  three 
groups.  The  author  concludes  Chat  the  results  of  the  cognitive  tests 
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rei’lecced  not  only  sltep  lots  but  alto  dtcreated  morale  and  motivation, 
although  It  was  stated  that  morale  of  the  company  generally  remained 
g'O'bdt'  ^ 

The  author  eoneludet  that  evan  small  amounts  of  tchaduled  aleep  ware 
btheficlal.  Taikt  with  a  mainly  physical  contant  suf farad  the  least,  and 
those  with  a  cognlttva  and  ylgilanea  component  suffarad  most,  daterio> 
rating  to  about  30%  of  control  Valuas.  over  the  first  4  days  of  sleep 
loss,  snpariancad  military  obsarvars  eonsldarad  that  physical  tasks  ware 
carried  out  at  an  accaptabla  loyal  by  the  0  hours  sleep  platoon  for  three 
days,  by  the  1.5  hours  sleep  platoon  for  6  days,  and  by  the  3  hours  sleep 
platoon  fpy  9  days. 

The  eoneluslons  with  regard  to  Early  Call  II  was  that  there  was  a 
clearly  demohstrabla  and  quantifiable  impairment  of  earabral  function  as 
well  as  ml  11  Cary  perfomanca  in  the  absence  of  sleep  for  more  Chan  4d 
hours i  the  affect  could  be  offset  to  a  limited  hut  useful  extent  by  as 
little  as  4  hours  sleep  par  day;  (for  reasons  that  could  not  be  discus¬ 
sed)  the  stimulus  of  battle  Is  unlikely  to  be  sufficient  to  offset  the 
impairment  adequately. 

Critique:  These  were  very  ambitious  studies  with  a  high  degree  of 
environmental  and  task  realism.  A  wider  diversity  of  performance  tests 
night  have  been  selactad  and  It  would  have  been  preferable  for  some 
tests,  e.g.,  vigilance  shooting,  to  have  been  of  longer  duration.  Also 
some  highly  over-learned  tasks  were  selected  which  would  not  be  expected 
to  show  much  decrement  In  performance,  especially  for  short  periods. 

It  was  naeassary  to  administer  both  the  parformance  and  cognitive 
tests  at  a  remote  site  each  day.  This  undoubtedly  Introduced  a  "test 
caking  effect"  so  the  results,  if  anything,  are  probably  conservative. 

An  exception  to  this  however  Is  that  the  cognitive  testing  took  place 
between  0230  and  0700,  a  time  when  one  would  expect  circadian  effects  to 
be  greatest. 
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Doeuntnt  Mo:  170 

titliit  SLEEP  LOSS,  RECOVERY  SLEEP.  AMD  MILITARY  PERFORMAMCB 
Atttildr:  HAslanii  D.  R. 

Aftacy:  Army  Parsoaatl  R«i««reh  Establishmant  (U.K.) 

Sat* I  19S2  ' 

Hypothtalii  4  hour*  of  block  *L**p  will  have  a  baaaftclal  affact 
upon  tha  parformanea  of  aoldlara.  who  hava  had  virtually  no  alaap  for  90 
hpura.  Long  parloda  of  alaap  may  ba  nacaasarp  for  full  racovary. 

Thla  atudy  la  an  axeanalon  of  th*  methodology  uaad  in  Early  Call  1 
and  Early  Call  11,  but  wieh  a  graatar  amphaala  on  tha  racovary  function. 

Straaaora:  (1)  9  day  (216  houra)  tactical  dafanalva  axarclaa.  3  3/4 
dayii  (90  houra)  with  no  achadulad  alaap  and  vary  lltcla  unachaduled 
alaap:  and  (2)  Phyalcal  work  (digging  of  tranchaa,  camouflaging,  ate.) 
and  raaponaa  to  aurprlaa  attaeka  by  "anamy  troopa":  mlna  laying,  mina 
clearing,  firae  aid  and  caaualty  avacuatlon. 

Taaka:  Vigilance  rifle  ahootlng,  grouping  capacity,  and  cognitive 
testa  (logical  raaaonlng  and  decoding,  using  a  military  cipher). 

Subject*:  10  trained  infantrymen. 

Results:  Performance  on  vigilance  rlfla  ahootlng  was  ayatamatlcally 
lower  during  tha  no  alaap  period  than  during  either  tha  control  periods 
or  the  scheduled  alaap  periods.  Parformanea  was  about  2SE  below  tha  mean 
value  for  control  days.  Thar*  ware  no  systematic  diffarancas  In  grouping 
performance. 

Scores  on  logical  reasoning  showed  marked  degradation  as  a  function 
of  time  without  sleep  as  well  as  pronounced  diurnal  effects,  When  test 
aasslona  were  scheduled  at  0045  houra  most  of  the  subjects  were  unable  to 
start  tha  logical  reasoning  test  within  5  minutes  of  awakening.  Decoding 
showed  similar  marked  dacramants  during  tha  no  sleep  days. 

Four  hours  sleep  par  24  hours  appaarad  to  ba  sufficient  for  vigi¬ 
lance  rifle  shooting  to  return  to  and  ba  sustained  at  nearly  the  control 
level.  Four  hours  alaap  was  not,  however,  sufficient  for  recovery  to 
control  levels  on  the  reasoning  tests,  and  It  was  not  sufficient  for 
recovery  on  tha  decoding  test  whan  that  test  was  given  at  low  points  in 
tha  circadian  rhythm.  After  a  total  of  12  hours  slaap  over  three  days  It 
was  reported  that  performance  had  recovered  from  an  approximate  average 
level  of  SOX  to  88X  of  control  values.  (Except  for  tests  given  at  0U43 
hours).  However,  1  1/4  days  (30  hours)  of  rest,  of  which  an  average  of 
19  1/2  hours  was  spent  aslaap,  was  necessary  to  eliminate  any  remaining 
performance  decrement. 
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Cri^qu*;  Thl«  study,  like  Ite  predeceesors,  was  well  done.  One 
night  igaia  argue  for  testing  on  a  broader  scope  of  representative  mili¬ 
tary  taakb  aa  well  as  a  longer  period  of  performance  on  critical  tasks 
such  as  vigilance  rifle  shooting. 
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Docttaaat  No:  304 


Tltllit  SUSTAINED  OPERATIONS  IN  MILITARY  PERFORMANCE 
Author:  HMlarn,  Dlanu  R, 

AROUey:  Army  Portoantl  Rttoarch  Eotablishmoat  (U.K.) 

D#U:  1985 

HypothMli:  Small  amouati  of  alaap  will  ■ignlflcantly  Improvt  par- 
formanea  during  8  daya  of  oparatlona. 

Straasorai  3  days  without  alaap  following  3  day a  with  only  1.5  houra 
of  alaap  avary  24  houra  <tha  control  group  had  4  houra  of  alaap  avary  24 
houra  for  6  daya). 

taaka:  Vigilanca  rifla  ahooting;  grouping  capacityj  and  cognitiva 
taata  including  a  nap  grid  rafaranca  ancoding/dacoding  taat  using  a  mili¬ 
tary  ciphar,  a  word  mamory  taat,  and  an  addition  taat.  All  of  tha  taata 
wara  of  short  duration. 

Vigilanca  rifla  shooting  was  a  20  mlnuta  taat  in  which  subjacts,  in 
a  prona  position,  firad  at  randomly  appearing  silhouattaa  of  human  tac- 
gata,  axpoaad  for  5  aaconda  aaeh,  at  ranges  of  100,  200,  and  300  maters. 
Tha  subjects  fired  ona  round  at  each  target  and  there  ware  9  targets  in 
all.  Faadback  on  performance  was  given. 

Tha  grouping  capacity  test  measured  tha  ability  to  firs  5  rounds  so 
that  the  shots  fall  In  a  vary  small  area.  Firing  was  at  an  aiming  point 
100  maters  distant.  Orouping  capacity  testa  ware  carried  out  daily  at 
1230  hours. 

Tha  subjects  engaged  in  other  activities  more  or  lass  continuously 
day  and  night.  Mornings  wars  taken  up  with  laboratory  tests,  afternoons 
with  physical  activity  Including  rifla  shooting  on  the  ranges,  grenade 
throwing,  and  running.  Other  more  sedentary  tasks  ware  carried  out  for  3 
hours  in  tha  early  evening.  Trenches  wara  dug  for  3  hours  prior  to  mid¬ 
night  and  a  2  hour  simulated  caaualty  evacuation  axarcisa  was  carried  out 
from  0530  to  0730.  Whan  the  control  group  was  asleep,  the  experimental 
group  engaged  in  weapon  cleaning. 

Subjects:  12  trained  Infantryman. 

Results:  Only  3  of  tbs  6  subjacts  in  tha  experimental  group  com¬ 
pleted  all  trials.  All  6  subjacts  In  the  control  group  completed  tha 
trial.  By  tha  and  of  tha  total  sleep  deprivation  phase,  tha  survivors  in 
the  experimental  group  had  bad  no  scheduled  sleep  for  85  hours,  and  a 
total  of  only  4.5  houra  over  the  previous  67.  No  subject  withdrew  from 
the  trial  voluntarily.  It  was  stated  that  no  one  in  the  experimental 
group  had  more  than  a  few  minutes  of  sleep  at  a  lime  throughout  the  trial 
and  the  total  amount  of  sleep  taken  was  less  than  30  minutes.  The  con¬ 
trol  group  subjects  apparently  did  not  require  unscheduled  sleep,  al¬ 
though  they  felt  tired. 
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Tha  dlfftrtaca  in  performance  between  experimental  and  control 
groups  In  vigilance  rifle  ahootlng  waa  not  significant.  The  author  sug¬ 
gests,  that  one  reason  could  be  the  large  variation  in  performance  between 
subjects  within  groups  as  aieep  deprivation  increased.  Degradation  of 
perforvance  serosa  days  was  highly  significant  for  the  experimental 
group;  62Z  of  the  targets  were  hit  on  baseline  and  recovery  days,  but 
only  25. 6Z  on  the  6th  trial  day.  No  comparable  degradation  was  found  In 
tha  eoncr 61  group. 

With  respect  to  grouping  capacity ,  experimental  group  performance  on 
days  4,  5  and  6  was  significantly  worse  than  on  baseline  dayr.  It  was 
stated  that  the  percentage  detarloration  in  performance  on  diy  6  compared 
with  performance  on  baseline  and  recovery  days  waa  125. 9X.  No  comparable 
degradatloa  in  performance  was  observed  With  the  control  group. 

The  experimental  group  showed  a  significant  deterioration  in  perfor¬ 
mance  on  tha  encodlng/dacodlng  test,  whereas  the  control  group  did  not. 

On  day  6,  at  0430,  their  performance  was  34. 7t  of  baseline  for  encoding 
and  27. 7Z  for  decoding.  When  tested  at  0930  the  comparable  figures  were 
38. 8Z  for  encoding  and  24.8%  for  decoding.  Analysis  of  errors  indicated 
a  sacrifice  of  accuracy  for  speed. 

Performance  of  the  experimental  group  also  deteriorated  signifi¬ 
cantly  in  the  addition  teat,  whereas  the  control  group  performance  did 
not.  Different  measures  on  the  6th  day  showed  performance  at  57.8%  and 
24.5%  of  baseline  values. 

Finally,  in  the  memory  test  the  experimental  group  recalled  signifi¬ 
cantly  fewer  items  than  the  control  group,  although  performance  deterio¬ 
rated  significantly  for  both  groups.  For  the  experimental  group  perfor¬ 
mance  on  the  6ch  day  was  at  43.6%  and  45.1%  of  baseline  values. 

The  error  rate  in  all  three  cognitive  tests  Increased  over  the  test 
period  for  the  experimental  group. 

The  author  reports  that  during  the  6th  day,  tha  subjects  had  to  be 
continuously  prevented  from  dosing  off.  She  was  impressed  with  the  fact 
that  performance  was  still  37%  of  that  on  baseline  days.  The  results  for 
the  control  group  confirmed  earlier  woric  which  suggested  that  4  hours  of 
sleep  in  every  24  was  sufficient  to  maintain  a  level  of  performance  not 
significantly  different  from  baseline  value. 

The  average  amount  of  recovery  sleep  teken  was  16.75  hours  for  the 
experimental  group  and  12.83  hours  for  the  controls. 

CritiquA:  Tha  most  general  criticlem  of  this  research  is  that  the 
test  periods,  both  rifle  shooting  and  cognitive  testing,  were  of  such 
khort  duration.  This  maximizes  the  possibility  of  short  term  mobili¬ 
sation  of  ((ffort  even  with  subjects  as  sleep  deprived  as  these  subjects 
were. 


Some  of  thr.  between  group  comparisons  may  have  suffered  from  the 
rather  small  number  of  subjects  (6)  in  each  group.  As  the  author  noted, 
there  ware  large  individual  differences  in  response  to  the  stress 
condition. 
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Doeuatat  Ho:  S65 


Tltlt;  ENERGY  COST  OF  "HARD  WORK" 

Author! t  Hughes,  A.L.,  and  Goldman,  R.F. 

Agsttey:  US  Army  Rasaarch  Instltuta  of  Envlronmantal  Madiclna, 

Natick,  MA 

Data:  1970 

Hypothasls:  Man  working  hard  tand  to  adjust  thalr  work  laval  to  woric 
at  anargF  axpandlturaa  of  423  kcal/hr  +  lOX  ragardlass  of  tha  tartaln  or 
load  carrlad.  " 

Straasors:  Subjects  carrlad  loads  ranging  from  0  to  60  kg.,  over  a  6 
day  axparlmant.  Loada  ware  carried  primarily  on  tha  ahouldars  in  vesta 
and  web  baits. 

Subjects  complatad  6.4  km  or  80  minutes  on  treadmill,  whichever  was  com¬ 
pleted  first. 

Tasks:  Walk  for  time  or  distance  with  loads  at  a  comfortable  pace 
which  permitted  them  to  complete  the  4  miles. 

Subjects:  12  mala  soldiers. 

Results:  Results  showed  chat  tha  average  prograssion  rats  decreased 
nearly  linearly  with  Incraaaing  load;  tha  energy  axpandlturaa  for  the 
non-eero  load  conditions  fall  within  the  expected  range  of  425  kcal/hr, 
and  tha  most  economically  carrlad  loads  (least  cost  per  kilogram-meter) 
under  the  conditions  of  the  study  were  30  and  40  kg. 

All  subjects  did  not  complete  either  Che  distance  or  the  time  re¬ 
quirements;  two  failed  to  complete  6.4  km  or  80  minutes  with  the  50-Kg 
and  three  failed  with  the  60-kg  load. 

When  walking  with  a  load,  maximal  efficiency  la  obtained  at  a  com¬ 
fortable  speed,  presumably  averaging  5  km  per  hr  with  a  load  weighing 
40-SOX  of  body  weight. 

Critique:  This  Is  one  of  the  first  of  several  studies  by  USARIEM  to 
assess  energy  cost  of  hard  work,  and  feasible  limits  to  operator  work¬ 
load.  As  such.  It  dealt  with  only  a  few  variables,  and  restricted  walk¬ 
ing  to  a  treadmill.  Subsequent  studies  have  conducted  trials  over  a 
variety  of  terrain  and  load  configurations. 


Doctui«nt  Not  586 

TltlOt  EFFBCTS  OF  SUSTAINED  HANUAL  WORK  AND  PARTIAL  SLEEP 
DEPRIVATION  ON  MUSCULAR  STRBKCTH  AND  ENDURANCE 

Authorti  Lcgg,  S.,  and  Patton,  J. 

Aganeyt  Arny  Ptraonnal  Rasaiireh  Eatabliahmant ,  Farnborough,  UK 
Datat  1987 

Bypcthaalit  Spaclfic  phyaiologlcal  parformanca  affacta  axlat  aftar  a 
military  S-^ay  artlllary  fiald  axarciaa  daalgnad  to  Includa  auatalnad 
manual  handling  of  45  kg  artlllary  ahalls. 

Straaaorai  Tha  axparlmantal  group  praparad,  handlad  and  loadad 
artlllary  ahalla  and  ehargaa  (waighlng  45  and  12  kg  raapactlvaly), 
throughout  tha  trial.  Tha  control  group  aimulatad  MMH  actlvltlaa  but  did 
not  hand la  any  real  loads.  The  control  group  did  no  MMH. 

Lower  and  upper  body  anaerobic  power  was  asaesaad  before,  within  6 
hours  of  trial  completion,  and  after  trials.  Lower  body  anaerobic  power 
was  assessed  using  the  Wingate  test  on  a  cycle  ergonometer.  An  Isometric 
right  hand  grip  strength  was  measured  using  a  hand  dynamometer  before, 
during,  and  after  the  trial.  Isometric  contractions  were  performed  by 
the  subjects  while  standing  and  holding  the  dynamometer  with  their  arm 
down  by  their  side. 

Tasks:  Those  involved  In  a  real  combat  scenario  for  artillery  gun 
crews.  Tasks  involved  frequent  moves  of  gun  position  and  all  the  normal 
military  duties  such  as  digging  of  defensive  positions,  preparation  of 
camouf li.\ge,  meal  preparation  and  simulated  defense  from  Infantry  ground 
attack, 

Subjects:  25  fit,  experienced  artillery  soldiers.  Eighteen  of  Che 
soldiers  acted  as  an  experimental  group  and  seven  as  a  control  group. 

Results:  The  dally  amount  of  sleep  observed  by  each  group  was  simi¬ 
lar  (3  Co  4  hours).  Isometric  right  hand  grip  strength  for  both  groups 
fell  progressively  during  the  trial  and  did  not  return  to  pre-trial 
levels  during  3  days  of  recovery. 

At  the  end  of  the  8  day  trial,  there  were  stecistically  elgniflcant 
reductions  in  Che  body  weight,  body  fet,  and  upper  body  mean  power  of  the 
experimental  group  but  not  in  the  controla.  Lower  body  peak  and  mean 
power  were  elgnlflcancly  Increased  at  the  end  of  the  trial  In  both  exper¬ 
imental  and  control  groups.  Lower  body  power  decrease  was  significantly 
Incrsastd  (18X)  in  the  sxperlmsncal  group  but  not  In  tha  controls. 
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Tht  isometric  hand  grip  strength  decs  suggest  that  sleep  played  a 
significant  role  since  both  experiment a1  and  control  groups  demonstrated 
a  gradual  progeesslve  decrement  In  right  hand  grip  strength  during  the 
trial.  The  decrease  in  mean  power  In  only  the  experimental  group  sug¬ 
gests  that  chare  may  also  have  been  a  partial  depletion  of  upper  body 
intramuscular  energy  soureae  or  in  the  rate  at  which  atorad  energy  may  be 
broken  doim. 

The  right  hand  grip  strength  did  not  return  to  pre-trial  values 
during  the  3  post-trial  recovery  days.  Since  hand  grip  is  reported  as  an 
indicator  of  general  muscular  strength,  it  is  possible  that  general  body 
muscular  weakness  my  persist  for  at  least  three  days  following  a  pro¬ 
longed  8-day  sustained  high  intensity  military  exercise. 

It  is  auggastad  Chat  the  Incraaaa  in  lower  body  anaerobic  power  may 
be  associated  with  the  inersased  level  of  physical  activity  during  the 
trial  (l.e.,  a  training  effect),  and  that  the  daersase  in  upper  body 
anaerobic  power  nay  be  aseociaCed  with  the  combination  of  unaccustomed 
arduous  manual  handling  of  heavy  loads  and  partial  sloop  loss  since  it 
was  only  obaecved  in  the  experimental  group. 


Criti4uei  This  is  one  of  the  most  operationally  relevant  studies  to 
assess  the  effects  of  sustained  manual  work.  However,  the  study  falls  to 
document  the  frequency  of  artillery  shell  handling,  nor  does  it  quantify 
the  exertions  required  by  the  ocher  physically  stressful  tasks  performed 
durirg  the  axsicises  (e.g.,  digging  defensive  positions,  etc.)  which  both 
control  and  experimental  group  performed.  Thus,  it  is  difficult  to  iso¬ 
late  Che  effect  of  sleep  loss  from  other  non-documented  work  with  regard 
to  loss  of  grip  strength. 

Nonetheless,  this,  as  well  as  ocher  studies,  point  out  the  need  to 
consider  both  upper  and  lower  body  strengths  capabilities  when  assessing 
manual  material  handling  tasks. 


Doeuatat  Mo:  515 


Tltlt:  A  PHYSIOLOGICAL  STUDY  OF  THE  REPETITIVE  LIFTING  CAPABILITIES 
OF  HEALTHY  YOUNG  MALES 

Authors:  Lsgg,  S.  J.  sad  Pttsmsn,  C.  H. 

Agsney:  Army  Psrtorasl  Rssssrch  Establlshasnt ,  Fsrnborough,  UK 
Dstsi  1984 

Hypothsslsi  Liftlag  rstt  offsets  tlms  to  exhaustion  whan  soldisra 
move  loads  of  thrss  dUfsrsnt  vslghts  batwssn  tha  floor  and  a  platform  at 
vaist  halght . 

Stressors:  Rapaatad  lifting  of  loads,  lifted  blmanually  from  the 
floor  to  a  platform  situated  at  waist  halght  directly  In  front  of  tha 
subject.  Lift  frequency  was  varied  for  maximal  lifting  capacity  (MLC)  as 
follows:  2,  3,  and  4  lifts  par  min  (75%  MLC),  4,  6,  and  8  lifts  par 
minute  (50%  MLC),  and  8,  10,  and  12  lifts  par  minute  ,(25%  MLC).  Lifting 
continued  for  60  minutes  or  until  subject  became  exhauated  or  was  unable 
or  unwilling  to  continue,  or  was  unable  to  maintain  the  prescribed  lift¬ 
ing  rate  or  heart  rate  reached  180  beats/minute.  Climate  and  clothing 
factors  were  not  considered. 

Tasks:  Soldiers  moving  loads  of  varying  weights  to  and  from  varying 
locations,  Lifting  performed  with  a  bimanual  squat  lift,  with  straight 
back,  from  the  floor  to  waist  height. 

Testing  trials  occurred  after  period  of  physical  training  (running 
and  weight  lifting).  VO2  max  and  Isometric  muscle  strength  were  meas¬ 
ured  prior  to  the  trials,  as  was  maximal  lifting  capacity  using  a  "modi¬ 
fied"  psychophysical  method  (not  called  out  in  text). 

Subjects:  Eight  healthy,  fit,  well-trained  Infantry  eoldiers  com¬ 
pleted  the  study. 

Results:  Reaction  time  and  lifting  time  were  significantly  longer 
when  the  subjects  became  exhausted  (l.e.,  failed  to  complete  the  full  60 
minute  experimental  run).  Both  Indices  were  significantly  longer  at  the 
end  of  exhausting  lifting  when  compared  to  the  middle  period  of  that 
particular  experimental  run.  The  results  suggest  that  the  Indices  may  be 
of  value  as  practical  indicators  of  general  fatigue  and  In  assessing  the 
ability  of  Individuals  to  continue  lifting. 

Tha  most  frequently  reported  factors  which  limited  lifting  capa¬ 
bilities  Included  low  back  pain,  general  fatigue,  and  an  inability  to 
maintain  an  adequately  secure  grip  of  the  pallet  handles,  particularly 
with  the  75%  load  at  the  higher  lifting  rates. 

Values  for  75,  50  and  25%  of  MLC  ware  67.2,  44.8,  and  22.4  kg, 
respectively. 
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If  th«  major  compocenc  of  the  task  Is  repetitive  lifting,  23%  of 
VO2  nax  (from  the  treadmill  test)  should  be  used  as  the  guide  to  the 
maximum  load  lifting  rate  combination  that  will  not  Induce  fatigue  over 
an  8  hour  work  day. 

Critique:  Observed  lifting  durations  were  available  for  only  47%  of 
the  trials  (i.e.,  more  than  half  of  the  trials  lasted  the  full  60 
minutes,  rather  than  terminating  due  to  stated  thresholds),,  making  it 
difficult  to  estimate  the  lifting  duration  for  larger  occupational 
groups.  The  recommended  workload  expreesed  as  X  of  VO2  max,  for  lift¬ 
ing  tasks  la  in  contrast  to  the  limit  provided  for  cycle  ergometry  or 
treadmill  walking,  and  with  good  reason.  The  nature  of  the  task,  and  the 
load  imposed  by  upperbody,  static  exertions  serves  to  reatrlct  the  oxygen 
transport  mechanism  and  should  be  reflected  in  lowered  workload 
expectatlona. 
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Document  No:  202 


Title:  7  PSYCHOLOGICAL  AND  PHYSIOLOGICAL  REACTIONS  AND  PSYCHOMOTOR 
PERFORMANCE  DURING  PROLONGED  AND  COMPLEX  STRESSOR  EXPOSURE 

Author :  Levi ,  Lennart 

AgencF:  Karolinalca  Institute,  Sweden 

Date:  1972 

Hypothesis:  A  wide  variety  of  physiological  stress  responses  will  be 
seen  in  subjects  engaged  in  long  periods  of  continuous  performance  (simu¬ 
lated  rifle  fire). 

Stressors:  Three  days  and  three  nights  (72  hours)  on  a  simulated 
range:  "authentic  battle  noise"  from  a  tape  recorder  played  at  a  level  of 
approximately  95  dB-C. 

Tasks:  Firing  from  a  fixed  position  at  simulated  tanka  moving  across 
the  field  of  vision  at:  unpredictably  varying  speeds,  which  rapidly  dis¬ 
appeared  beyond  the  horizon  of  the  shooting  range  and  reappeared  again 
after  a  perceptually  changing  interval.  The  subjects  used  "electronic" 
rifles  which  produced  light  beams  when  fired  at  the  target  tanks  on  which 
photo  diodes  were  mounted.  Subjects  were  given  performance  feedback  at 
Che  end  of  each  three  hour  period. 

Subjects:  31  Army  officers  and  corporals  attending  platoon  leader 
training  school. 

Results:  Performance  was  evaluated  for  speed  and  accuracy,  as  re¬ 
flected  in  the  number  of  shots  and  the  number  of  hits.  Both  the  number 
of  shots  per  3  hour  period  and  the  number  of  hits  decreased  throughout 
the  72  hour  period;  in  addition  there  were  notable  circadian  depressions 
for  both  performance  measures.  These  reactions  did  not  coincide  with, 
but  were  proceeded  by  a  pronounced  drop  in  adrenalin  excretion. 

In  addition,  there  were  significant  and  pronounced  increases  in 
fatigue  ratings  throughout  Che  study,  moderate  increases  in  distress 
ratings,  pronounced  but  transient  confuslonal  reactions  in  two  of  the 
subjects,  including  some  hallucinations. 

Critique:  This  was  a  well  conceived  and  controlled  laboratory  study 
involving  an  interesting  simulated  combat  tasK.  The  degree  of  immobili¬ 
zation  of  the  subjects  probably  created  an  additional  stressor  that  might 
not  be  character! etic  of  extended  periods  of  combat.  Nonetheless,  it  is 
of  interest  that  tae  subjects'  performance  progressively  deteriorated, 
and  showed  notable  circadian  effects,  despite  systematic  performance 
feedback  which  some  investigators  suggeat  will  do  much  to  ameliorate 
fatigue  effects. 

The  principal  interest  of  the  investigator  was  in  the  physiological 
corrolates  of  these  stress  conditions.  An  exceptionally  thorough  Job  was 
done  in  this  regard  both  in  terms  of  the  number  of  measures  taken  and  the 
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facilities  available  for  analysis.  Marked  and  significant  Increases  In 
adrenalin  secretion  and  in  protein  bound  iodine  were  noted  as  well  as  a 
marked  and  significant  decrease  in  serum  iron.  If  we  become  concerned 
with  physiological  correlates  of  behavior  under  stress,  this  paper  is  an 
excellent  source. 
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Document  Mo:  553 

Title:  PROLONGED  SELF-PACED  HARD  PHYSICAL  EXERCISE  COMPARING  TRAINED 
AND  UNTRAINED  MEN 

Authors:  Levine,  L.,  Evans,  W.  J.,  WInsmann,  F.  R.,  and  Pandolf, 

K.  B. 

Agency:  U.S.  Army  Reeeareh  Institute  of  Environmental  Medicine 
Data:  1982 

Hypothesis:  Well-trained  subjects  exercising  at  self-paced  Intensi¬ 
ties  for  prolonged  periods  of  time  (up  to  8  hours  per  day)  reduce  their 
energy  expenditure  to  below  40%  VO2  nax. 

The  study  compared  walking  speed,  heart  rate,  and  predicted  energy 
expenditure  In  trained  and  untrained  men  during  a  prolonged  (2.5  -  3.5 
hours)  self-paced  load  carriage  walk  over  varied  terrain. 

Stressors:  Four  different  terrains  (heavy  brush,  light  brush,  dirt 
road,  and  blacktop  road)  were  traversed  consecutively,  for  a  total  of 
three  complete  trails  on  each  day  (17.07  km).  Subjects  were  Instructed 
to  walk  at  a  fast  pace  which  would  feel  like  hard  physical  work,  but 
which  could  be  maintained  for  the  full  three  rounds  of  the  course. 

Three  different  external  loads  were  used:  0,  10,  and  20  kg  US  Army 
backpacks , 

Time  on  course  was  used  to  determine  speed  and  energy  expenditure. 

Tasks:  Walk  a  17  km  route  over  four  terrains  at  a  fast  pace  with 
load. 

Subjects:  6  healthy  trained  and  six  healthy  untrained  male  subjects 
(soldiers). 

Results:  Walking  speeds  for  the  trained  and  untrained  groups  were 
not  significantly  different.  Walking  speeds  were  slower  for  the  heavy 
brush  terrain,  and  during  the  20  kg  load  carriage,  compared  to  the  10  kg 
and  no  load  conditions. 

Mean  heart  rate  for  the  untrained  men  was  significantly  higher  than 
the  heart  rate  for  the  trained  men  over  each  of  the  four  terrains.  Ter¬ 
rain  changes  affected  the  combined  groups  with  heart  rate  Increasing  as 
the  terrain  became  more  difficult. 

When  predicted  energy  expenditure  Is  expressed  as  a  %  of  VO2  max, 
the  trained  men  were  shown  to  walk  at  35%  while  the  untrained  men  walked 
at  a  higher  relative  cost  of  44%.  The  differences  were  significant, 
Interestingly,  the  relative  energy  expenditures  represented  similar  pre¬ 
dicted  absolute  energy  expenditures. 
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As  Che  duration  of  exercise  Increitsed  from  1  te  3.5  to  6.5  hours, 
Individuals  appeared  to  select  decreasing  relative  energy  expenditures 
from  46  to  40  to  36Z  of  VO2  max.  Also,  the  more  fit  subjects  may  have 
been  limited  in  their  self-pacing  attempta  by  being  asked  to  refrain  from 
running  and  by  carrying  relatively  light  external  loads. 

Critique:  This  study  compliments  chat  presented  by  Evans  et  al. 

(1980)|  No.  552,  in  the  use  of  terrain  and  nature  of  Che  Cask,  It  en¬ 
hances  the  study  with  a  focus  on  prolonged  exertion  and  the  net  effect  on 
energy  axpendlture.  Unfortunately,  they  do  not  measure  individual  energy 
expenditure,  but  rather  predict  it  using  the  equation  presented  in  Evens 
et  al.  As  mentioned  by  Che  authors,  the  relatively  light  loads  con¬ 
sidered  in  the  study  nay  have  kept  some  of  the  more  physically  fit  sub¬ 
jects  from  reading  their  moat  desirable  "hard  work"  pace.  This  may  have 
lad  to  the  decrease  in  X  VO2  max  with  increased  duration  of  self-paced 
exercise. 
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Docuaeat  No:  555 


Tltl«:  SELF-PACING  DURING  SUSTAINED,  REPETITIVE  EXERCISE 

Authors:  Myles,  W.  S.,  Eelsche,  J.  P.,  and  Beauty  J. 

Agency:  Defence  and  Civil  Inatitute  of  Environmental  Medicine, 

Canada 

Data:  1979 

Hypothesis:  Subjects  voluntarily  maintain  an  energy  expenditure 
equivalent  to  40Z  of  the  VO2  nex  for  as  long  as  6  days.  Other  factors 
may  exist  which  limit  performance  under  these  conditions. 

Stressors:  The  road  march  covered  204  km  in  6  days.  Distance 
covered  each  day  ranged  from  30  to  38.5  km/day.  Load  weights  varied  from 
22.5  kg  on  the  first  day  to  weights  eeleeted  for  each  subject  such  that 
at  a  walking  speed  of  6  km/hr,  the  energy  expenditure  was  402  of  his 
VO2  max.  Subjects  were  given  two  20  min  stops  in  the  morning  and 
afternoon,  and  a  60  minute  break  for  lunch. 

Tasks:  A  road  march  of  204  km,  completed  in  6  days,  with  external 
loads. 

Subjects:  25  French  infantry  soldiers,  selected  for  high  level  of 
physical  fitness  and  proficiency  in  athletics. 

Results:  Subjects  marched  a  distance  of  34  km  at  an  average  speed  of 
6  km/hr.  Sulijects  did  not  maintain  this  rate  for  the  remaining  days  and 
the  energy  costs  were  less  than  the  prescribed  402  VO2  nsx.  Mean  heart 
rates  for  the  groups  categorized  by  load  weights  (low,  medium,  heavy) 
were  essenti'ially  the  same  for  all  three  conditions,  indicating  that  the 
energy  expended  by  the  three  groups  was  nearly  the  same. 

After  the  Initial  decline  in  walking  speed,  subjects  maintained  an 
average  energy  expenditure  of  31.62  of  VO2  max,  or  384  kcal/h  for  the 
remainder  of  the  march.  This  energy  expenditure  is  within  the  425  kcal/h 
suggested  as  the  "maximun  hard  work  adopted  voluntarily  by  physically  fit 
young  men."  Fit  young  soldiers  will  continue  to  self  pace  at  this  level 
for  6,5  h  per  day  for  6  days. 

All  of  the  injuries  encountered  during  the  exercise  were  due  to 
foot  disorders,  such  as  blisters. 

critique:  No  mention  is  made  of  the  amount  of  sleep  allowed  between 
days.  As  mentioned  by  the  authors,  training  must  be  specific.  Training 
adaptaclons  arc  specific  to  the  training  methods.  In  addition  to  train¬ 
ing  in  aerobic  sports,  more  training  time  should  have  been  devoted  to 
marching  on  hard  road  surfaces  with  heavy  loads  to  avoid  the  minor  in¬ 
juries  and  sore  feet  which  seemed  to  be  the  main  factor  limiting  the  rate 
at  which  the  platoon  moved. 
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DocuBtat  No:  395 


Tltlo:  SLEEP  LOSS  EFFECTS  ON  CONTINUOUS  SUSTAINED  PERFORMANCE 
Authors:  Mullsnsy,  Osnisl  J.,  Krlpko,  Daniel  F.,  and  Flack,  Paul 
Agency:  University  of  California  (San  Diego) 

Date:  1981 

Hypothesis:  When  ahsolutely  continuous  sustained  work  is  required, 
performance  will  deteriorate  seriously  even  within  the  first  24  hours, 
contrary  to  the  results  of  many  other  sleep  loss  experluencs . 

Stressors:  42  hours  of  continuous  attention-demanding  work  with  only 
very  brief  breaks  for  obtaining  something  to  eat  or  drink  and  to  go  to 
the  restroom.  (Two  control  groups  received  6  hours  of  sleep  during  com¬ 
parable  42  hour  work  schedules:  (a)  one  received  e  block  of  6  continuous 
hours  of  sleep  after  18  hours  on  duty;  and  (b)  the  second  received  6 
one-hour  rest  periods  equally  spaced  throughout  the  42  hour  performance 
period. 

Tasks : 

1.  A  3-ninute  tracking  task  requiring  the  subject  to  use  a  Joy 
stick  to  position  a  target  to  the  exact  center  of  a  grid  and 
then  press  a  trigger  in  an  effort  to  score  a  hit. 

2.  A  3-minute  visual  pattern  memory  test. 

3.  A  3-minute  test  of  numerical  addition  skills 

4.  An  auditory  vigilance  task  presented  simultaneously  with 
tasks  1-3. 

These  tasks  were  administered  repeatedly  every  10  minutes  throughout 
the  period  of  performance  testing,  resulting  in  6  scores  per  hour  for 
each  task  (some  time  was  also  devoted  to  securing  subjective  estimates  of 
fatigue).  Task  1  was  self-paced;  Tasks  2  and  4  were  experimenter  paced; 
Task  3  was  adaptive  to  the  individual's  ability  but  demanded  maximal 
performance  speed. 

Subjects:  32  male  volunteers,  mostly  university  students. 

Results:  Subjects  had  marked  difficulty  in  sustaining  truly  con¬ 
tinuous  performance  for  42  hours.  Performance  on  all  tasks  deteriorated 
and  three  subjects  had  to  discontinue  participation  despite  high  motiva¬ 
tion  (motivation  was  established  by  e  payment  schedule  that  was  directly 
tied  to  performance  effectiveness).  In  general,  when  absolutely  con¬ 
tinuous  sustained  work  was  required,  performance  deteriorated  seriously 
even  within  the  first  24-hours.  Many  of  the  subjects  who  performed  with¬ 
out  rest  periods  experienced  psychietric  symptoms  such  as  hulluclnatlons , 
visual  illusions,  and  sensations  of  de-reallBation.  These  symptoms  ap¬ 
peared  much  earlier  than  had  been  reported  in  sleep  loss  studies  where 
only  Intermittent  performance  was  required. 
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The  cotelly  sleep-deprived  group  performed  more  poorly  on  each  of 
Che  cesca  chan  did  those  who  received  6  hours  of  sleep.  In  general,  6 
hours  of  block,  sleep  resulted  In  better  performance  during  the  two  18- 
hour  contlnuoue  woifk  periods  then  did  6  1-hour  nape.  Subjects  permitted 
6  1-hour  naps  experienced  a  sleep  "hangover"  when  engaged  In  their  first 
performance  test  following  the  sleep  period.  Subjects  who  received  6 
hours  of  sleep  in  either  pattern  suffered  fewer  psychiatric  symptoms. 

Critiquet  This  is  somsthing  of  a  landmark  study  in  sleep  deprivation 
research.  The  investigators'  hypothesis  that  performance  would  degrade 
earlier  and  to  a  greater  degree  when  performance  Is  assessed  more  or  less 
continuously  was  clearly  supported.  Even  though  performed  in  the  labora¬ 
tory,  using  classic  laboratory  tssts,  this  study  has  important  Implica¬ 
tions  not  only  In  regard  to  the  extent  of  deterioration  found  on  funda¬ 
mental  human  processes,  but  It  stands  as  a  critique  of  all  fatigue 
studies,  whether  performed  In  the  laboretory  or  in  the  field,  that  have 
relied  (as  so  many  have)  on  short-term  performance  teat  procedures, 
widely  spaced  In  time. 


Doeuatot  Mo: 

Title:  SUSTAINED  OPERATIONS:  RESEARCH  RESULTS 
Authori:  Maltoh,  F.,  England,  C.B.,  and  Rynan,  O.H. 
Agency:  Naval  Health  Raieatch  Canter,  San  Diego,  CA 
Date:  1987 


Streafoct  Slauleted  5  day  ceeonnaiaaance  mtsaion  (SUSOP).  Varloua 
continuoua  wotlc  end  napping  schedules  were  ehployed  in  a  aariae  of  ex- 
perimenta  conducted  over  a  period  of  7  years.  Maximum  continuous  awake 
period  in  these  experiments  was  45  hours. 

Tasks:  Alpha'-numerlc  visual  v|.gllanco  task;  reaction  time  tasks, 
logical  reasoning,  word  memory.  Subjects  worked  at  computer  video 
stations,  responding  to  prompts  for  psychological  tasks,  physiological 
measures,  etc.  Ons-helf  of  the  subjects  performed  the  vigilance  task 
while  walking  a  treadmill  in  full  combat  gear  for  the  first  30  minutes  of 
each  hourly  session.  The  other  half  of  the  subjects  performed  this  cask 
while  seated  at  the  work  station.  Treadmill  speed  was  adjusted  to  keep 
heart  rate  at  30Z  of  maximal  aerobic  power. 

Subjects:  A  total  of  112  U.8,  Marine  Corps  volunteers  in  13  groups 
Results: 


(1)  Starting  time  of  a  mission  had  major  effects  on  performance 
(reaction  time  and  vigilance)  throughout  the  miasion.  It  is 
stated  that  starting  time  ahould  not  be  chosen  so  that  a  con¬ 
tinuous  work  episode  ends  near  the  circadian  trough  in  body 
temperature. 

(2)  After  Che  first  20  hours  of  continuous  work,  more  than  3-4 
hours  of  sleep  is  required  to  assure  full  recovery  from  fati¬ 
gue.  Allowing  only  3-4  hours. of  sleep  will  result  in  a  30% 
degradation  from  baseline  performance  and  increased  fatigue 
during  a  second  20-hour  continuous  work  episode 

(3)  When  subjects  are  required  to  do  moderate  physical  work  during 
continuoua  work  episodes,  performance,  mood,  and  fatigue  ace 
affected  to  a  greater  e'ttent  chan  when  no  physical  work  is 
done 

(4)  Physical  workloads  of  30%  of  maximal  aerobic  power  or  greater 
will  slow  down  response  speed  during  a  subsequent  post  physi¬ 
cal  work  period 

(5)  The  circadian  phasing  of  nap  time  ie  less  important  than  the 
duration  of  the  nap  in  determining  the  recuperative  power  of 
Che  nap.  However,  when  awake  time  is  extended  beyond  a  period 
of  12  hours,  the  circadian  phasing  becomes  more  important. 
Under  these  conditions,  a  short  nap  taken  during  early  hours 
(0400  -  0700)  will  be  followed  by  profound  and  persistant 
sleep  inertia  (pp  2-3). 
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Docuaeat  No:  413 


TitU:  SLEEP  MANAGEMENT  IN  SUSTAINED  OPERATIONS  USER'S  GUIDE 
Authoct:  Naitoh,  P.,  Englund,  C.E.,  aad  Ryaan,  D.H. 

Aganey:  Naval  Haalth  Research  Canter,  San  Dlago,  CA 
Data:  1986 
Straaaor:  Sleep  debt 

Taekt  Not  applicable.  This  la  a  guide  for  field  coamandera  who  are 
facing  auatalned  operatlona.  The  contents  Include  sections  on  vork/resc- 
sleep  and  sleep  loss  problens  during  pre-deployment,  deployment,  pre¬ 
combat,  combat  and  post-combat  phases;  ways  in  which  sleep  managament 
copes  with  performance  degradation  caused  by  work/rest-sleep  and  sleep 
loss  problems;  Identifying  signs  of  the  problem,  and  devising  ways  to 
overcome  It , 

A  number  of  generalizations,  based  largely  on  experiments  with  mili¬ 
tary  personnel,  are  made  In  the  summary  (pp  22-23).  These  are  reproduced 
here: 

(1)  Degrading  effects  of  sleep  loss  on  performance,  moods,  and 
willingness  to  work  are  felt  most  strongly  during  the  dally 
circadian  trough,  as  defined  by  body  temperature.  The  cir¬ 
cadian  trough  occurs  between  0200  and  0600  of  the  time  zone  to 
which  the  body  Is  adapted. 

(2)  There  Is  a  significant  loss  of  performance  efficiency  when  a 
SUSOP  demands  a  long'er  than  24-hour  continuous  work  episode 
(OWE).  After  a  CUE  of  36-hour  duration,  target  detection  Is 
70%  and  decoding  Is  50%  of  baseline. 

(3)  Uninteresting  and  complex  Casks  are  more  seriously  affected  by 
sleep  loss  than  Interesting  and/or  simple  tasks. 

(4)  Critical  but  routine  Casks  are  often  skipped  because  sleep 
loss  reduces  overall  willingness  to  respond. 

(5)  Physical  work  feels  much  heavier  than  it  did  before  sleep  loss 
because  of  exagerated  perception  of  physical  exertion. 

(6)  Short-term  memory  is  seriously  affected.  Poor  short-term 
memory  and  lapses  In  attention  work  against  effective  eommunl- 
caclon.  Sleep  loss  causes  a  listener  to  forget  what  was  re¬ 
cently  said  in  a  conversation.  A  listener  may  fill  the  Infor¬ 
mation  gap  by  inaccurately  restructuring  the  conversation. 

(7)  The  ability  to  Initiate  action  decreases  with  Increasing  sleep 
debt.  This  decrease  In  Initiative  includes  all  interactions 
among  team  members. 
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(8) 

(9) 


Sleep-deprived  individuals  tend  to  overeetlmate  their  ability 
to  do  taaka.  That  is,  they  lose  insight  as  to  how  well  they 
ftim  oerformina  their  assigned  tasks. 


Sleap  loss  causes  deterioration  of  personal  hygiene,  such  as 
keeping  the  feet  clean  and  dry. 
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Document  No:  161 


Title;  PERFORMANCE,  MOOD,  AND  CLINICAL  SYMPTOMS  IN  MEN  EXPOSED  TO 
PROLONGED,  SEVERE  PHYSICAL  WORK  AND  SLEEP  DEPRIVATION. 

Authors:  Opstad,  Par  Kristian,  Ekangar,  Roald,  Nunmestad,  Morton, 
and  Raaba,  Nilas 

Agency:  Norvalglan  Dafansa  Research  Establlshmant ,  Institute  of  Work 
Physiology,  and  Norwalgian  Military  Academy 

Data:  1978 

Hypotheses:  Prolonged,  severe  physical  work  combined  with  sleep 
deprivation  will  adversely  affect  various  psychological  functions  and 
tasks  aasoclated  with  the  performance  of  soldiers. 

Stressors:  4  or  5  day  Ranger  training  course  with  either  no  organi¬ 
zed  sleep,  3  hours  sleep,  or  6  hours  sleep  in  the  middle  of  the  course. 
Except  for  testing  periods,  the  subjects  engaged  In  heavy  physical  work 
associated  with  Ranger  training,  as  well  as  caloric  deficit. 

Tasks:  Visual  vigilance  test,  self  paced  reaction  time  task,  a  cod¬ 
ing  test,  visual  acuity,  motor  coordination,  speed  of  association,  a 
sorting  test  of  ability  to  react  to  three  auditory  Impulses  given  simul¬ 
taneously  by  doing  a  relatively  complicated  manual  task;  a  shooting  task 
requiring  the  subjects  to  firs,  change  magazines,  fire,  change  magazines, 
and  fire  again  at  a  target  35  cm  In  diameter  at  a  distance  of  25  meters 
(grouping  capacity  was  assessed);  and  a  command  memory  taste  requiring  the 
memorization  of  a  standard  military  message  which  had  to  be  recalled  and 
reproduced  about  one  hour  after  a  particularly  strenuous  physical  task 
was  performed. 

Subjects:  44  cadets  of  the  Royal  Norweigian  Military  Academy 

Results:  Substantial  Impairment  was  observed  in  all  of  the  tests. 
Clinical  symptoms  appeared  at  the  end  of  the  course  in  those  subjects  who 
had  no  organized  sleep.  Significant  Impairment  was  observed  even  after 
24  hours  In  the  vigilance  teat,  the  reaction  time  test,  and  the  code 
test,  as  well  as  In  subjective  state. 

The  group  receiving  6  hours  did  significantly  better  than  the  no 
sleep  group  on  all  tests,  and  the  group  receiving  3  hours  sleep  occupied 
an  Intermediate  position. 

In  the  shooting  task  there  were  no  differences  in  the  time  taken  to 
perform  the  task  and  in  grouping  scores  for  subjects  receiving  sleep  but 
no-sleep  subjects  dropped  to  90E  of  baseline.  Schedules  did  not  permit 
the  testing  of  subjects  on  the  last  day  of  the  course  when  the  greatest 
degradation  appeared  on  all  other  tests.  The  command  memory  task  showed 
considerable  performance  degradation,  particularly  for  the  no  uleep 
groups;  again,  it  did  not  prove  possible  to  administer  this  test  on  the 
last  day  of  the  experiment. 
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Crltlqu*:  This  is  one  of  a  celatlvaly  small  number  of  studies  la 
which  physical  fatigue  stress  was  combined  with  sleep  deprivation  stress. 
The  debilitating  effects  on  psychological  functions  are  clear.  Unfortu¬ 
nately  it  is  not  possible  Co  separate  the  sleep  loss  effects  from  the 
physical  fatigue  effects  since  there  was  no  control  group  with  normal 
sleep. 
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Doeua*aC  No:  367 


Title:  PREDICTING  ENERGY  EXPENDITURE  WITH  LOADS  WHILE  STANDING  OR 
WALKING  VERY  SLOWLY 

Authors:  Psndolf,  K.  B. ,  Glvonl,  B.,  end  Goldman,  R.  F. 

Agency ;  US  Army  Research  Institute  of  Environmental  Medicine, 

Natick,  MA 

Date:  1977 

Hypothesis:  Studies  of  walking  at  very  slow  speeds  and  of  standing 
with  backpack  loads  were  performed  to  determine  the  effect  of  body  weight 
and  slow  speed  walking  and  the  dynamics  of  the  load. 

Stressors:  Walk  with  3  loads  (30,  40  and  50kg)  at  5  different  speeds 
(.2,  .4,  .6,  ,8,  and  1.0  m/see),  over  a  level  terrain.  Prolonged  stand 
with  0,  10,  30  or  SO  kg  backpack  was  also  Investigated. 

Tasks:  Walk  with  load  at  alow  speeds.  Walking  was  done  on  the 
floor,  with  15  speed/load  combinations. 

Subjects:  Six  fit,  adult  mala  subjects  In  the  walking  study;  10 
different  male  subjects  In  the  standing  study. 

Results:  Energy  expenditure  lnc?.eased  with  external  load,  both 
standing  and  walking.  No  Increased  Inefficiency  occurred  with  very  slow 
walking,  Metabolic  rate  decreased  smoothly  ns  speed  approached  zero. 

The  revised  predictive  formula  which  now  covers  standing  and  the 
whole  range  of  walking  speeds  Is  as  follows: 

M-1 . 5W+2 .0(W+L)(L/W)2+n(W+L) [1 .5v2+0. 35VG1 


where 

M  metabolic  rate,  in  watts 

W  -  subject  weight,  kg 

L  ■  load  carried,  kg 

V  ■  speed  of  walking,  m/sec 

G  ■  grade.  In  percent 

n  ■  terrain  factor  (n«1.0  for  treadmill) 

The  predictive  formula  was  developed  for  backpack  loads  only. 

Simply  standing  with  packs  constitutes  an  entirely  different  work 
mode,  static  work,  which  involves  primarily  tension  In  muscles  used  for 
maintenance  of  the  load.  No  mechanical  work  is  done  as  In  walking,  but 
maintaining  tension  does  rsqulre  energy. 

Difficult  terrains  seem  to  necessitate  a  combination  of  greater 
muscle  mass  usage,  added  lift  (static)  work,  and  a  forward  stooping 
posture  with  the  associated  increased  energy  demands. 
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DoeuaMC  No:  S36 


Tit  It;  PREDICTION  MODELING  OF  PHYSIOLOGICAL  RESPONSES  AND  HUMAN 
PERFORMANCE  IN  THE  HEAT 

Author*:  Pandolf  K.,  Stroscheln  L. ,  Drolefc,  L. ,  Gonzalez,  R.,  and 
Sawka,  M. 

Agoney:  US  Army  Rtaaarch  Inatltute  of  Environmental  Medicine, 

Natick,  MA 

Date:  1986 

Bypotheais:  Baled  on  an  empirically  derived  database,  It  la  possible 
to  develop  a  series  of  predictive  equations  for  deep  body  temperature, 
heart  rate,  and  sweat  loss  responses  of  clothed  subjects. 

Stressors:  Program  considers  physical  work  Intensity,  environmental 
conditions,  and  particular  clothing  ensemble,  as  well  as  energy  expendi¬ 
ture,  state  of  heat  acclimation,  and  solar  heat  load. 

Tasks:  Physical  work  In  a  variety  of  environmental  extremes. 

Subjects:  A  range  of  military  subjects,  culled  from  numerous 
studies. 

Results:  Specific  prediction  equations  are  provided  for  final  equi¬ 
librium  rectal  temperature  (suggested  by  Glvonl  and  Goldman),  composed  of 
a  series  of  equations  to  predict  each  of  three  components: 

metabolic, 

dry  heat  exchange,  and 
evaporative  heat  exchange  component . 

Work  rest  cycles  were  computed  from  an  analysis  of  patterns  of  rec¬ 
tal  temperature  over  three  different  conditions: 

(1)  the  time  pattern  for  resting  subjects  under  various  heat  stress 
conditions } 

(2)  tha  elevation  pattern  for  rectal  temperature  during  physical 
work  at  given  climatic  conditions;  and 

(3)  the  recovery  rectal  temperature  after  cessation  of  physical 
work. 

Prediction  equations  were  also  provided  for  sweat  loss  and  final 
equilibrium  heart  rats. 

The  model  has  been  programmed  on  an  HP  41CV.  Model  input  includes 
selections  from  clothing  menus  (25  systems  are  available,  Including  4 
levels  of  MOPP  gear);  metabolic  work  rates  (light  to  heavy)  or  derived 
from  body  weight,  external  load,  walking  speed,  and  terrain  coefficient; 
casualty  rates,  acclimatisation  states;  sir  temperature;  relative  hu¬ 
midity;  wind  speed;  and  solar  load. 

Output  Includes  the  calculated  work-rest  cycle,  the  one  time  only 
maximum  work  period,  the  water  requirements  during  work,  rest,  and 
combined . 
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Document  No:  538 


Title:  A  COMPARISON  OF  THE  EFFECTS  OF  MIXED  STATIC  .\ND  DYNAMIC  WORK 
WITH  MAINLY  DYNAMIC  WORK  IN  HOT  CONDITIONS 

Author:  Randle,  I.,  and  Legg,  S. 

AgencTi  Army  Personnel  Research  Establishment,  Farnborough,  UK 
Date:  1985 

Hypotheala:  Work  coatalnlug  a  high  proportion  of  static  effort  Is 
more  fatiguing  than  mainly  dynamic  work.  The  study  makes  a  direct  com¬ 
parison  of  the  effects  of  mainly  dynamic  work  (e.g.,  walking  on  a  tread¬ 
mill)  with  mixed  static  and  dynamic  work  which  would  represent  a  real¬ 
istic  task). 

Stressors:  The  study  compares  the  metabolic,  cardiovascular,  ther¬ 
mal,  and  subjective  responses  to  static  and  dynamic  work  In  hot  con¬ 
ditions.  External  work  output  ware  equivalent  In  both  static  and  dynamic 
work,  set  to  around  500  W,  or  7  kcal/mln.  The  mean  measured  climate  WBGT 
conditions  were  32.8  degrees  C,  dry  bulb,  24.7  degrees  C  wet  bulb,  60S 
relative  humidity. 

Walking  was  at  a  set  pace  on  a  graded  treadmill.  Carrying  Involved 
walking  on  the  treadmill  while  holding  a  20  kg  box  In  front  of  the  body 
every  30  seconds  out  of  60  seconds.  Duration  was  1  hour,  or  less  If  the 
subjects  heart  rate  or  temperature  exceeded  threshold. 

Tasks:  Two  tasks  were  studied:  steady  uninterrupted  uphill  walking, 
and  an  uphill  walk  while  Intermittently  carrying  a  20  kg  weight  In  the 
arms. 

Subjects:  Eight  soldiers,  physically  fit,  and  unaccllmatlzed  at  the 
time  of  the  experiment. 

Results:  All  subjects  completed  the  one  hour  walk  without  load,  but 
none  could  carry  for  the  hour  without  exceeding  one  of  the  withdrawal 
criteria. 

Oxygen  consumption,  minute  ventilation,  sweat  rate  and  rated  per¬ 
ceived  exertion  were  all  significantly  higher  for  the  mixed  static  and 
dynamic  work  than  for  the  dynamic  work.  Similarly,  heart  rate  and  inter¬ 
nal  temperature  were  also  higher. 

For  the  same  external  work,  physiological  strain  and  perceived  exer¬ 
tion  were  greater  for  mixed  static  and  dynamic  work  than  for  mainly  dyna¬ 
mic  work. 

Critique:  The  differences  In  perceived  exertion  and  physiological 
strains  between  mixed  and  purely  dynamic  work  suggests  that  It  is  not 
appropriate  to  make  direct  comparisons  of  laboratory  studies  based  on 
dynamic  work,  with  practical  situations  containing  mixed  static  and  dyna¬ 
mic  work  In  the  heat.  The  need  for  a  consideration  of  the  nature  of  the 
work  as  well  as  its  magnitude  is  thus  highlighted. 
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Ooeuaent  No:  337 


Title  FACTORS  INFLUENCING  THE  SUSTAISSD  PERFOBHANCE  CAPABILITIES  OF 
155  MM  HOWITZER  SELECTION  IN  SIMULATED  CONVENTIONAL  AND  CHEMICAL  WARFARE 
ENVIRONMENTS 

Author*:  Rausch,  T.M. ,  Banderat,  L.E.,  Tharlon,  W.J. ,  Muaro,  I., 

Luasler,  A.R.,  and  Shukltt,  B. 

Aganey:  U.S.  Army  Beacareh  Inatltuta  of  Environmental  Medicine, 

Natick,  KA 

Date:  1986 

Straaaora:  24  hours  of  sustained  operations,  wearing  MOPP  gear  In 
high  ambient  temperatures' (average  daytime  temperature  95  degrees  F). 

Subjects:  Four  howitzer  sections,  of  9  men  each. 

Results:  The  procedure  required  the  teams  to  engage  in  24  hour  live 
fire  scenarios  during  which  selected  tasks  from  the  Army  Training  and 
Evaluation  Program  (ARTEP)  were  performed.  Five  missions  were  received 
from  a  Fire  Direction  Center.  The  authors  conclude  that  their  findings 
support  previous  research  in  that  psychological  fatigue  rather  than  per¬ 
ceptions  of  muscular  fatigue  are  thu  primary  problems  affecting  sustained 
artillery  performance  in  conventional  warfare  environments. 

Artillery  tasks  performed  in  MOPP  IV  gear  during  average  daylight 
temperature  produced  intense  symptoms  associated  with  respiratory  dis> 
tress  and  heat  Illness:  "short  of  breath"  "hard  to  breath",  "headache", 
"fatigue",  end  "dizzy". 

First  round  firing  times  after  receipt  of  the  fire  mission  quadrant, 
showed  a  74-163Z  Increase  In  time  required  to  perform  in  the  early  morn¬ 
ing  hours  compared  to  the  previous  afternoon  hours,  Inter  round  inter¬ 
vals  were  also  the  greatest  between  C020  end  0720  hours.  It  was  con¬ 
cluded  from  the  psychological  data  Chat  the  period  between  0100  and  0700 
hours  represented  the  interval  when  the  soldiers  experienced  the  greatest 
decrement  in  clear  chinking  and  concentration,  as  well  as  the  highest 
state  of  nervousneas.  The  degradation  in  psychological  state  was  cor¬ 
related  with  the  decrement  in  artillery  performance  observed  during  these 
hours . 
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DoeuaKnt  No. :  596 


Tltlt!  PERCEIVED  EXERTION  UNDER  CONDITIONS  OF  SUSTAINED  WORK  AND 
SLEEP  LOBS 

Authors:  Raynan,  D.H.,  Naltoh,  P.,  and  England,  C.E. 

Aganey:  Naval  Health  Research  Center 
Date:  1987 

Hypothesis:  The  study  documented  the  changes  In  Rated  Perceived 
Exertion  (RPE)  during  both  repeated  maximal  end  submaxlmal  exercise  over 
e  40  hour  period  of  Intermittent  exercise  with  accompanying  sleep  loss, 
and  determined  If  and  when  the  relationships  oi  RPE  and  workload  level, 
heart  rate,  and  psychological  measures  exist. 

Stressors:  In  study  1,  two  groups  repeatedly  exercised  (treadmill 
walking)  at  401  of  VO2  max  while  carrying  a  22kg  pack.  Group  1  cook  a 
4  hr  nap  between  the  two  days  of  continuous  t’ork. 

Study  2  used  a  constant  30Z  of  VO2  max  exercise  level  over  the  two 
days  with  Group  3  starting  exercise  at  midnight  and  Group  4  starting  at 
1300. 


Maximal  stress  tests  were  performed  on  day  1.  Subjects  were  also 
trained  and  tested  on  the  psychological  questionnaire  and  the  various 
vigilance  tasks  they  would  perform  during  testing.  Vigilance  tasks  were 
performed  during  rest  periods  for  the  control  group,  and  while  undergoing 
submaxlmal  treadmill  exercise  by  the  experimental  group. 

Levels  of  exertion  were  maintained  until  a  subject  felt  he  could  no 
longer  complete  a  half  hour  exercise  session.  Subsequently,  treadmill 
grade  and  then  speed  were  reduced  as  necessary.  Tests  were  stopped  due 
to  leg  cramps  or  leg  fatigue,  breathing  difficulty,  complete  exhaustion, 
and/or  others. 

Tasks:  Subjects  walked  for  17  one-half  hour  sessions  on  each  of  two 
consecutive  days  (34  sessions  overall).  Subjects  also  performed  vigi¬ 
lance  teska  on  a  computer  terminal. 

Subject!:  37  healthy  US  Marine  Corps  volunteer,  enlisted  personnel. 

Reeults:  RPE  measures  were  recorded  half  way  through  each  exercise 
session.  Heart  rate  and  treadmill  speed  and  elevation  were  averaged  over 
the  entire  seaalon.  Fatigue,  mood,  eymptoms  and  sleepiness  were  measured 
Immediately  after  each  session. 

There  was  a  significant  linaar  increase  in  RPE  over  the  sessions 
during  each  day  and  a  significant  drop  in  RPE  from  the  last  session  of 
continuous  work  (day  1)  to  ths  first  sssston  of  continuous  work  on  day  2. 
There  was  no  difference  between  nap  or  rest  conditions  or  midnight  vs 
noon  start  times  in  tsrms  of  RPE. 
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With  higher  levels  of  exercise  (Study  I,  40X  VO2  max)  RPE  was  more 
■troQgly  related  to  HR  and  workload  meaeures  than  during  low  levels  of 
exercise  (Study  2,  30X  VOg  max).  The  psychological  measures  (fatigue, 
vigor,  sleepiness)  showed  stronger  and  more  persistent  relationships  with 
RFB  at  lower  levels  of  exercise.  The  RPE  after  continued,  repeated  exer¬ 
cise  of  more  than  one  day  does  not  seem  to  reflect  workload,  physiologi¬ 
cal  responses,  or  psychological  perceptions  of  fatigue  or  sleep. 
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Document  No:  417 


Title;  ALERTNESS,  FATIGUE  AND  MORALE  OP  AIR  PORCE  SENTRIES 

Authore:  Sanford,  James  F.,  S t sinker chner,  Raymond  E.,  Cantrell, 

George  K.,  Trimble,  Ralph  U.,  and  Hartman,  Bryce  0. 

Agency:  USAF  School  of  Aviation  Medicine,  Brooks  Air  Force  Base, 

Texas 

Date:  1971 

Stressors:  Exposure  to  danger  of  enemy  action  In  Southeast  Asia. 

Fatigue  resulting  from  guard  duty  in  a  combat  environment,  measured  sub¬ 
jectively.  Nlghtlme  duty.  8-hour  sentry  tours. 

Task:  Detection  of  randomly  Illuminated  lights.  Six  lights  were 
placed  In  a  quadrant  of  a  circle  approximately  50  feet  from  the  airplane 
or  missile  being  guarded. 

Subjects:  U.S.  Air  Force  sentries;  the  number  varied  from  49  to  64 
In  different  studies.  Some  were  studied  at  CONUS  bases;  others  In  South¬ 
east  Asia. 

Results:  In  CONUS,  Che  sentries  showed  a  progressive  increase  in 
feelings  of  fatigue  across  8  duty  hours  without  a  corresponding  measur¬ 
able  loss  In  alertness  (response  time  to  Illumination  of  a  light).  In 
SEA,  there  was  a  substantial  Increase  In  response  time  to  the  signal 
lights  with  Increase  In  duty  hours  for  each  of  several  groups  of  sentries 
studied.  In  general,  the  average  response  time  was  about  S  secs  during 
the  first  hour  of  the  vigil  and  increased  to  12-13  seconds  during  the  7th 
hour.  The  data  for  several  sentries  who  did  not  respond  after  60  seconds 
were  excluded  from  the  analysis.  Subjective  fatigue  ratings  followed  a 
corresponding  increasing  trend.  No  consistent  relationship  was  shown 
between  amount  of  sleep  prior  to  sentry  duty  and  subjective  ratings  of 
fatigue. 

Critique:  No  adequate  measures  of  possible  cumulative  sleep  loss 
were  collected,  nor  was  there  any  documentation  of  other  activities  Chat, 
In  a  combat  zone,  could  have  led  to  differential  fatigue.  Rather,  the 
authors  attribute  differences  In  results  between  SEA  and  CONUS  to  morale 
differences.  In  CONUS,  the  absence  of  a  decline  In  response  time  could 
well  reflect  the  alerting  effect  of  the  experimental  procedure  in  an 
otherwise  dull,  tedious  period  of  watch. 


Doeumeot  No:  181 


Title  HUMAN  PERFORMANCE  IN  CONTINUOUS  OPERATIONS:  VOLUME  III 
TECHNICAL  DOCUMENTATION 

Authom:  Siegel,  Arthur  I.,  Pfeiffer,  Mark  G.,  Kopeteln,  Felix, 

Wolf,  J.  Jay,  and  Ozkaptan,  Halim 

Agency:  U.S.  Amy  Research  Institute  for  the  Behavioral  and  Social 
Sciences 

Date:  1980 

Hypothesis:  Not  applicable.  This  volume  documents  the  technical 
procedures  used  to  analyse  the  adverse  effects  of  continuous  oper  r.tlons 
on  human  performance  and  to  project  diminished  performance  capabilities 
as  a  function  of  time. 

Tasks:  The  document  contains  detailed  listings  of  tasks  associated 
with  mechanised  infantry,  including  those  performed  by  vehicle  drivers, 
gunners/carricr  team  leaders,  infantry  maneuver  team  members,  squad 
leaders,  platoon  leaders,  tank  platoon  leaders,  commanders,  tank  gunners, 
tank  loaders,  tank  drivers,  FIST  chief,  observers,  support  NCOS,  radio 
telephone  operators,  artillery  battery  executive  officers,  howltser  sec¬ 
tion  chiefs,  gunners,  and  crew  members. 

Subjects:  Not  applicable.  The  document  is  Intended  to  apply  to 
mechanised  Infantry  personnel,  FIST  personnel,  tank  crews,  and  artillery 
battery  personnel. 

Results:  This  report  presents  and  projects  estimates  of  performance 
effectiveness  at  the  squad,  platoon,  and  company  level,  and  suggests  the 
effects  of  cask  restructuring  on  effectiveness.  It  contains  results  of  a 
survey  of  the  literature  concerning  the  effects  of  continuous  operations 
on  military  performance;  describes  methods  for  deriving  "critical  tasks"; 
describes  the  mathematical  procedures  employed  to  calculate  projected 
performance  effectiveness;  describes  a  computer  simulation  model,  which 
incorporates  human  effects,  for  simulating  human  performance  in  con¬ 
tinuous  operations. 

Estimates  are  reported  of  task  utility  (importance),  how  racings  of 
this  variable  ware  derived,  and  the  method  of  aggregation  of  criticality 
values.  This  involved  deriving  the  utility  of  each  task  relative  to 
general  mission  goals  associated  with  a  mid-European  combat  scenario 
involving  combined  arms  team  operations,  continuous  day /night  battle 
extending  over  a  period  of  5  days,  periods  of  rain  and  limited  visibi¬ 
lity,  initial  adversary  manpower  superiority  of  6  to  1,  and  non  use  of 
nuclear  capability.  The  contribution  of  each  task  to  mission  success  was 
estimated  by  the  program's  technical  military  consultant  (N-l).  A  simi¬ 
lar  rating  technique  also  involving  the  estimates  of  a  single  individual 
was  used  to  rate  the  importance  of  various  platoon  action  goals  in  accom¬ 
plishing  the  general  mission  goals. 
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A  task  was  Identified  as  “critical''  if  It  had  a  “high"  aggregate 
utility  rating  In  regard  to  general  miaaion  goals  and  on  at  least  one  of 
three  sets  of  specific  platoon  action  goals.  The  number  of  “critical" 
tasks  performed  by  each  elasalfleation  of  mechanized  personnel  was  sub-* 
saquently  determined.  For  example,  of  S8  critical  tasks  divided  across 
four  positions  among  personnel  in  tanka  (out  of  a  total  of  218  tank  crew 
tasks)  it  was  concluded  that  the  tank  driver  is  not  responsible  for  any 
critical  tasks. 

An  asses.iment  was  made  next  of  the  degree  of  impact  of  continuous 
operations  on  each  of  the  critical  tasks.  This  assessment  was  made  by 
two  psychologists  and  a  military  expert,  reportedly  making  use  of  data, 
graphs,  curves,  tables  and  ao  forth  in  the  literature,  to  determine 
whether  a  “significant  dapresalve  effect  would  be  manifested".  “Signifi¬ 
cant"  was  defined  aa  the  likely  shrinkage  in  the  ability  in  question  by 
20X.  Each  Judge  worked  independently  initially,  and  a  concensus  was 
later  established.  It  was  stated  (page  S3)  chat  the  selanclflc  licera- 
ture  produced  sufficient  information  to  make  well  supported  Judgements  as 
to  the  various  impacts  on  abilities,  (but)  the  information  was  not  ade¬ 
quate  to  support  the  Judgements  as  to  interactions  among  debilitating 
factors,  among  critical  abilities,  or  across  both. 

The  authors  state  (pages  S4-SS)  that  “there  is  unanimity  in  the 
scientific  literature  that  the  full  debilitating  effects  of  sleep  loss 
take  place  between  the  36ch  and  48th  hour  of  ccntlnuous  wakefulness." 

The  effect  is  aggravated  with  further  sleep  deprivation.  Moreover,  for 
some  cognitive  functioning,  the  effects  begin  to  manifest  themselves 
after  as  little  aa  24  hours  without  sleep.  This  argument  is  used  in 
describing  the  “progressive  degradation  function  (E)  which  represents  the 
“Joint  and  full  impact  of  the  applicable,  adverse  or  debilitating  fac¬ 
tors."  Ej,  is  the  projected  effectiveness  of  performance  on  the  i-Ch 
day.  A  value  of  E  is  calculated  which  reflects  performance  of  each 
specific  cask.  The  effectiveness  of  a  given  duty  position  is  calculated 
as  equivalent  to  the  value  of  E  compounded  aerosa  the  corresponding  sets 
of  tasks.  The  value  of  E  is  also  calculated  for  specific  casks  occurring 
within  different  types  of  defensive  (platoon)  actions  (page  55). 

A  model  reflecting  these  kinds  of  estimations  is  desc^^bed  in 
Chapter  4.  The  model  is  named  “PERFECT"  for  Performance  Eicectlve- 
ness  of  Combat  Troops.  The  psychological  condition  of  the  troops  is  a 
primary  variable  in  the  modal,  and  this  variable  is  reflected  in  a  repre¬ 
sentation  called  “stress".  The  simulation  model  is  based  on  a  series  of 
manipulations  of  a  four  dimensional  effectiveness  matrix  as  a  function  of 
Che  composition  of  the  combat  force,  the  mission  sequence  designated,  and 
parameter  input  values  (page  63).  In  general,  effectiveness  levels  ^11 
degrade  as  a  function  of  time,  but  improve  with  sleep  end  rest.  Effec¬ 
tiveness  also  degrades  with  increasing  stress  level  of  the  troops.  The 
latter  is  a  function  of  light  level  conditiona,  terrain  advantage,  squad 
proficiency  level,  enemy/friendly  personnel  strength  ratio,  friendly 
vulnerability,  and  enemy/friendly  material  strength  ratio.  Effectiveness 
also  improves,  (i.e.,  is  restored)  when  platooning  la  specified  to  re¬ 
place  designated  combat  units  (page  64). 
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The  model  Incorporates  stress  buildup  via  battle  condltloa,  and 
stress  relief  via  sleep.  It  accommodeCes  continuous  operations  durations 
up  to  3  days.  It  will  consider  a  maximum  of  16  duty  positions  and  9  unit 
types.  How  the  "current  value  of  the  stress"  Is  derived  Is  described  on 
page  79. 

Critique:  This  document  Incorporates  numerous  extrapolations  from 
data  In  the  scientific  literature,  numerous  estimates  regarding  cask 
performance  by  Army  personnel,  and  numerous  assumptions  about  the  effects 
of  variables  making  up  "stress".  It  merits  careful  scrutiny  because  It 
Is  apparently  the  basis  for  currently  published  estimations  of  perfor¬ 
mance  degradation  for  various  classes  of  mechanized  Army  personnel  en¬ 
gaged  In  continuous  operations. 


Document  No:  110 


Title:  HUMAN  PERFORMANCE  IN  CONTINUOUS  OPERATIONS:  VOLUME  I.  HUMAN 
PERFORMANCE  GUIDELINES 

Author*:  Siegel,  Arthur  I.,  Pfeiffer,  Merle  6.,  Kopsteln,  Felix,  and 
Wilson,  Lawrence  G.;  aleo  OzRaptan,  Halim  (ARI) 

Agenej:  U.S.  Army  Research  Institute  for  the  Behavioral  and  Social 
Sciences 

Date:  1979 

Hypothesis:  Not  applicable.  This  report  provides  guidelines  to  the 
military  commander  on  expected  human  performance  degradation  associated 
with  continuous  ground  combat.  Degradation  projections  are  based  on 
extrapolations  from  scientific  literature  and  "realistic  scenarios  of 
continuous  operations". 

Stressors:  Fatigue,  stress  (defined  in  Volume  III,  see  Document  No. 

181)  performing  in  low  light  levels  and/or  with  poor  visibility,  diurnal 
rhythms. 

Tasks:  S8  "critical"  casks  associated  with  mechanized  infantry  per¬ 
formance,  tank  crew  performance,  fire  support,  team  performance,  and 
artillery  battery  performance. 

Subjects:  Not  applicable.  The  results  and  recommendations  are  in¬ 
tended  to  apply  Co  all  mechanized  infantry  personnel,  tank  crews,  Eire 
support  teams,  and  artillery  battery  teams. 

Results:  PrujacteJ  performance  degradation  curves  are  presented 
showing  "effectiveness"  after  24,  48,  72,  96,  and  120  hours  of  continuous 
operations.  These  functions  are  shown  separately  for  different  personnel 
(e.g.,  tank  platoon  leader,  tank  commander,  tank  gunner,  tank  leader) 
reflecting  the  predicted  differential  impact  on  the  different  types  of 
Casks  these  personnel  perform.  For  each  critical  Cask  various  "critical 
abilities"  e.g.,  numerical  facility,  perceptual  speed,  orientaciun, 
vision,  communication)  are  Judged  Co  be  associeted  with  chat  task,  which 
in  turn  are  affected  by  "adverse  factors"  such  as  fatigue,  diurnal 
rhythm,  low  light  level/visibillty ,  and  stress.  (For  example  see  page 
265). 

Critique:  Since  the  projections  in  this  document  appear  to  go  well 
beyond  the  data  in  available,  relevant  literature,  careful  examination 
must  be  made  of  the  asaumptiont  and  methods  of  procedure  used  in  making 
these  projections.  (See  Siegel  et  al.,  1980). 
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Doeuaeat  No:  558 


Tltlos  PACING  OF  INTERMITTENT  WORK  DURING  31  HOURS 

\ 

Authors:  Soule,  R.  G.,  end  Goldman,  R.  P. 

Date:  1973 

Agency:  US  Army  Research  Institute  of  Environmental  Medicine, 

Natick,  MA 

Rypotbesls:  The  perceived  level  of  difficulty  Increases  with  con¬ 
tinuous  operations  without  sleep,  thus  leading  to  voluntary  hard  work  to 
be  paced  at  a  lower  energy  coot  level. 

Stressors:  Subjects  did  not  slaep  during  each  of  two  separate  31 
hour  test  periods.  External  loads  were  IS  kg  and  30  kg  respectively,  on 
the  two  test  schedules.  March  duration  was  for  4.8  km  or  1  hour,  which¬ 
ever  came  first,  repeated  6  times  during  the  31  hours.  Subjects  were  not 
allowed  to  rest  during  the  intervening  5  hour  periods.  March  rate  on  the 
treadmill  was  self-paced. 

Tasks:  Walk  4.8  km  on  a  treadmill  during  1  hour,  six  times  in  one 
period,  carrying  loads, 

Subjects:  Six  subjects  (completed  the  study). 

Results:  With  the  IS  kg  load,  walking  rates  increased  at  hour  7  and 
13  into  the  study,  compared  to  hour  25.  No  differences  existed  for  the 
heavier  30  kg  load. 

The  relationship  between  heart  rate  and  reported  perceived  exertion 
level  was  not  significant.  There  was  clearly  a  progressive  increase  in 
the  perceived  exertion  level  reported  for  both  loads,  but  the  differences 
were  not  significant. 

Based  on  the  average  time  to  walk  each  400  m,  the  distance  com¬ 
pleted  and  the  heart  rates,  it  appears  chat  man  will  continue  to  volun¬ 
tarily  work  at  a  pace  that  will  result  in  a  predictable  voluntary  hard 
work  level  of  approximately  7  kcal/min  even  when  forced  to  stay  awake  for 
31  hours. 

It  appears  chat  an  extended  31  hour  operation,  without  sleep,  is 
not  sufficient  to  measurably  change  the  voluntarily  selected  "hard  work" 
race.  However,  the  subjective  evaluation  of  perceived  exertion  level  may 
very  well  Increase  despite  constant  work  and  physiological  responses. 

Critique:  The  difference  between  the  treadmill  walking  taaks  and  the 
sedentary  activity  performed  during  the  balance  of  the  test  period  is 
worth  considering.  The  5  hours  of  rest  during  sedentary  activity,  may 
well  be  sufficient  to  overcome  any  fatigue  brought  on  by  the  exertions. 
Results  regarding  perceived  discomfort  may  also  be  confounded  with  dis¬ 
comfort  arising  .from  the  weight  of  the  pack  on  Che  shoulders. 
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Docuacnt  No:  342 


TltlO!  VOLUNTARY  MARCH  RATE  AS  A  MEASURE  OF  WORK  OUTPUT  IN  THE  HEAT 
AuChort:  Soule,  R.,  and  Goldman,  R. 

Agency:  US  Army  Research  Institute  o£  Environmental  Medicine, 

Natick,  MA 

Date:  1978 

Hypothesis:  Determine  whether  men,  trained  to  adopt  a  march  rate 
which  would  complete  an  8  km  march  in  120  min  or  less  under  one  set  o£ 
environmental  heat  stress  conditions,  would  march  at  a  similar  rate  under 
more  severe  and  also  under  less  rigorous  conditions. 

Stressors:  Temperature  remained  fixed  at  40  degrees  C,  relative 
humidity  varied  from  25E  to  7SZ. 

Test  period  totaled  120  minutes,  with  55  minute  continuous  walk. 

Tasks:  Simulated  8  km  march  on  a  self-paced  treadmill  with  10  or 
18kg  backpack. 

Subjects:  13  soldiers,  acclimatized  to  40  degrees  C,  30%  relative 
humidity,  and  trained  on  the  procedures. 

Results:  Subjects  tended  to  walk  at  the  same  pace  that  they  had 
adopted  under  the  training  or  acclimatization  conditions.  Although  a 
generalized  trend  for  slowing  the  adopted  march  rate  with  increasing 
humidities  can  be  observed,  the  times  to  walk  each  1,6  km  of  a  maximum  8 
km  march  did  not  differ  significantly  under  the  various  conditions,  ex¬ 
cept  for  the  most  severe  condition  (75%  relative  humidity).  Although 
physiological  cues  of  heat  stress  must  have  been  present,  the  subjects 
appeared  to  ignore  them  and  even  under  the  most  severe  humidity  con¬ 
ditions  continued  to  walk  at  a  pace  contributing  to  heat  exhaustion. 
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OocuaenC  No:  392 


TltU:  PLUMBING  HUMAN  PERFORMANCE  LIMITS  DURING  72  HOURS  OF  HIGH 
TASK  LOAD. 

Author*:  Thorne,  D.,  Genuer,  S.,  Sing,  H.,  and  Megge,  F. 

Agenej:  Walter  Reed  Army  Institute  of  Research 
Date:  19B3 

Hypotheses:  Under  conditions  where  sustained  Individual  cognitive 
performance  la  required,  different  cognitive  functlona  assumed  to  have 
Importance  In  command,  communications,  and  control  will  progressively 
degrade  as  a  function  of  time. 

Stressors:  72  hours  of  continuous  performance  and  enforced  wakeful¬ 
ness.  Initially,  30  minutes  of  each  hour  were  spent  In  performance  test¬ 
ing  with  the  remainder  of  the  hour  free  for  a  wide  variety  of  leisure 
activities,  but  not  sleeping.  As  the  study  progressed,  because  of  the 
reduced ' speed  of  the  subjects'  performance,  a  larger  portion  of  each  hour 
was  spent  performing  the  tests  with  commensurately  less  time  available 
for  leisure  activities. 

Tasks : 

1.  2  and  6  letter  search  Casks,  requiring  visual  search  and  recog¬ 
nition. 

2.  2  column  addition  (subject  paced). 

3.  Logical  reasoning, 

4.  Digit  recall,  a  test  of  short  term  memory  capacity. 

5.  Serial  addltion/subtraction. 

6.  Pattern  recognition  1  and  2,  spatial  memory  tasks  at  two  levels 
of  difficulty. 

7.  Lexical  decision  task. 

8.  Vigilance  and  detection  task 

These  tasks  were  grouped  Into  two  "packages"  for  test  administration 
purposes  along  with  other  measures  such  as  mood-activation  scale,  illu¬ 
sion  seals,  and  fatigue  checklist.  As  noted,  each  package  could  be  ad¬ 
ministered  In  30  minutes  but,  as  the  study  progressed,  subjects  found  it 
Increasingly  difficult  to  complete  the  tests  in  that  amount  of  time. 

The  original  "SOX  duty  cycle"  gradually  progressed  to  about  70X  with 
occasional  excursions  to  a  full  lOOX  duty  cycle. 
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SuoJecCs:  2  female  and  6  male  volunteers,  ranging  in  age  from  18  to 
21.  All  were  high  school  graduates  and  most  had  some  college. 

Results:  72  hours  of  sleep  deprivation  produced  a  moderate  and  con¬ 
tinuous  reduction  in  accuracy  and  a  much  larger  increase  In  reaction 
times  for  all  subjects  on  all  tests  In  the  performance  battery.  The 
authors  used  a  measure  of  "throughput"  wh.lch  numerically  is  equal  to  the 
number  of  correct  responses,  divided  by  cumulative  reaction  time.  This 
provided  a  convenient  common  metric  for  comparing  results  on  very  dis¬ 
similar  tests.  Averaged  over  all  8  tasics,  throughput  declined  7AX  from 
baseline  over  the  72  hour  period.  The  pattern  and  magnitude  of  decline 
in  throughput  was  similar  across  all  tasks.  This  result,  which  was  not 
anticipated,  may  represent  a  general  psychophysiologlcal  affect  of  sleep 
deprivation  according  to  the  authors. 

Relative  throughput  values  averaged  across  all  tasks  also  revealed  a 
cyclical  circadian  variation  with  au  amplitude  of  approximately  103!  of 
baseline  value,  which  was  superimposed  on  the  monotonlc  negatively  ac¬ 
celerated  downward  function. 

Viewed  over  the  entire  experiment,  throughput  dropped  approximately 
1%  per  hour  or  about  24X  per  day. 

A  four  hour  nap  at  the  end  of  the  72  hour  period  produced  marked 
improvements  in  all  objective  and  subjective  measures,  but  overall  per¬ 
formance  was  still  about  25%  below  baseline. 

All  subjects  experienced  perceptual  distortions  and  visual  halluci¬ 
nations.  They  were  reported  as  early  as  24  and  as  late  as  64  hours  after 
start  of  the  experiment.  Some  subjects  were  disturbed  by  them  and  at 
least  one  considered  them  to  be  real.  The  authors  speculated  that  if 
such  hallucinations  were  to  occur  under  field  settings  without  advance 
information,  it  could  cause  morale  problems  and/or  further  exacerbate 
performance  decrements.  If  such  hallucinations  were  acted  upon  as  if 
they  were  real,  the  consequences  could  be  serious. 

Critique:  This  study  employed  a  superior  experimental  design  and 
methods  of  analysis.  Coupled  with  the  work,  of  Mullaney,  et  al.  (1981} 
and  Angus  and  Heslegrave  (1985)  this  work  provides  one  of  the  mote  pro- 
vacatlve  insights  into  the  kinds  of  problems  that  may  be  encountered  when 
soldiers  are  engaged  in  truly  continuous  operations  for  many  hours  at  a 
time.  It  further  brings  into  question  those  studies  chat  have  employed 
periodic  short  tests  of  performance  spaced  at  comparatively  long  inter¬ 
vals  between  testing  periods.  It  is  a  key  study  in  that  it  clearly  shows 
chat  a  diversity  of  human  cognitive  functions  suffer  very  similar  perfor¬ 
mance  degredaCions,  as  well  as  cyclic  variations,  when  a  meaningful, 
common  performance  metric  is  employed. 


A-6S 


Document  No:  595 


Title:  DEVELOPMENT  OF  A  SOLDIER  LOAD  ASSESSMENT  METHODOLOGY 
Authors:  Wagner,  M. ,  and  Kunz,  E. 

Agency:  Dynamics  Research  Corporation  for  US  Army  Research  Instlcute 
for  the  Behavioral  and  Social  Sciences 

Date:  1986 

Hypothesis:  A  systems  approach  can  be  applied  to  addressing  a  single 
deficiency  identified  by  the  Close  Combat  (Light)  Mission  Area  Analysis: 
the  inability  of  the  individual  dismounted  soldier  to  carry  his  combat 
load.  The  resulting  model  is  to  serve  as  a  framework  for  monitoring  the 
extent  of  the  problem. 

Stressore:  The  constraints  that  cause  the  load  carrying  deficiency, 
particularly  the  physical  limitations  of  Che  soldier. 

The  models  and  Casks  used  in  developing  the  approach  were  based 
extensively  on  the  work  out  of  the  US  Army  Research  Inscicute  of  Environ¬ 
mental  Medicine  at  Natick,  Mass.  Published  work  by  Goldman,  Legg,  Soule, 
Patton,  and  others  laid  the  groundwork  for  predicting  workload  based  on  a 
number  of  environmental,  subject,  and  task  variables. 

Key  factors  which  influence  the  physical  work  required,  and  which 
are  included  in  the  assessment  include: 

the  weight  of  Che  load 

the  distance  over  which  the  load  must  be  carried 
march  rate  for  advancing 

quality  of  footing  on  the  terrain  being  crossed 
grade  of  the  march  route, 

and  Che  weight  of  the  soldier  who  carries  the  load. 

Soldier  load  consists  of  the  total  combat  and  sustainment  load  a 
soldier  must  carry.  This  combat  load  consists  of  three  parts:  a  light 
fighting  load,  an  assault  pack,  and  a  rucksack.  The  first  must  be  car¬ 
ried  at  all  times;  the  remaining  may  be  carried,  or  supplied  via  ocher 
means . 

Race  of  march  is  the  single  largest  determinant  of  the  physical 
demands  being  made  on  the  infantry  soldier.  Faster  march  rates  lead  to  a 
higher  demand.  The  upper  limit  for  walking  is  considered  to  be  5.3  mph. 
AC  greater  speeds,  running  becomes  more  efficient. 

Positive  percent  of  grade  requires  dramatically  higher  levels  of 
effort  than  marching  over  level  terrain. 

Terrain  also  Influences  the  physical  work  required  to  march.  Vari¬ 
ous  terrains  have  been  associated  with  empirically  established  footing 
factors  which  proportionally  represent  the  relative  effort  required  to 
march  at  a  specified  rate. 
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The  ’felghc  of  the  soldie?  affects  che  amount  of  physical  work 
required  to  carry  a  load,  for  squally  fit  soldlsrs,  however,  r.  heavier 
soldier  will  also  have  a  greater  capacity  to  perform  physical  work  than  a 
lighter  soldier. 

Tasks:  Carrying  heavy  loads  by  fooe-*ffloblle  soldiers  into  combat. 

Several  low-  and  mid-intensity  scenarios  were  used  to  develop  mission 
load  requirements  and  to  determine  the  requirements  for  troop  movements. 

Subjects:  Modal  based  on  numerous  studies,  generally  performed  on 
military  subjects. 

Results  (from  report,  section  S):  The  five  variables  described  above 
were  incorporated  Into  a  quantitative  model  that  produces  a  measure  of 
the  physical  workload  required  to  carry  a  load  in  a  given  scenario.  The 
measure  of  physical  workload  selected  for  this  analysis  is  metabolic 
cost.  Metabolic  cost  represents  the  aerobic  energy  that  must  be  expended 
by  a  soldier  to  march,  carry  a  load,  and  perform  other  soldiering  tasks 
during  a  scenario. 


The  metabolic  cost  model  used  in  this  study  (Pandolf,  Givonl,  and 
Goldman,  1977)  is  shown  below: 


M* 


■  1.5  W  2.0fW  *  L)  ■»  NfW  ♦  L)  Q.SV  ^  4  0.3SVG) 


where 


■  metabolic  cost  (kcal/hour).  Original  formula  expressed  M  in 
terms  of  watts.  Formula  was  modified  to  express  the  energy 
expenditure  in  terms  of  Kilocalories  (kcal)  rather  than  watts. 
Kilocalories  are  equivalent  to  the  large  calorie  which  is  used 
to  express  che  heat-  or  energy-producing  value  in  food  when 
oxidized  in  Che  body. 


W  ■■  subject  weight,  nude  (kg) 

L  ■  external  load  (kg) 

N  ■  footing  factor 
V  -  velocity  (meters/second) 

G  -  grade  or  slope  (percentage) 

The  formula  for  metabolic  cost  of  load  carrying  consists  of  three 
components.  The  first  component  (1.5W)  represents  the  base  metabolic 
rate  associated  with  standing  without  a  load.  Using  the  average  weight 
of  an  infantry  solider,  160  lb  or  72.58  kg,  the  baseline  metabolic  rate 
calculated  for  infantry  soldiers  in  approximately  94  kcal/hour. 


The  second  component  of  che  metabolic  cost  formula  (2.0(W-)-L) 

(L/W)2)  reprosents  the  incremental  metabolic  costs  associated  with  che 
load  borne  by  the  soldier.  With  no  load,  this  component  equals  zero.  As 
the  loed  Increases  to  lOOS  of  body  weight,  the  incremental  metabolic 
costs  increases  to  250  kcal/hour. 
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The  third  component  of  the  formula  (N(M+L)  (l.SV^  +  0.35VG))  te- 
preaants  the  Incremental  metabolic  coats  associated  with  Increased  velo¬ 
city,  Increased  grade,  and  terrain  with  degraded  footing.  Velocity  Is 
treated  as  an  Independent  contributor  to  metabolic  costs  as  well  as  a 
contributor  to  the  Incremental  costs  associated  with  Increased  terrain 
grade . 

Highly  demanding  scenarios  can  be  constructed  chat  far  exceed  the 
ability  of  even  the  most  hardy  Infantry  soldiers.  The  key  question  Is 
where  to  draw  tho  line  between  marches  with  loads  Chat  can  be  managed  and 
marches  Chat  exceed  the  capabilities  of  well  trained  Infantry  soldiers. 

to  assist  In  applying  the  model,  a  set  of  tables  was  developed  that 
could  be  used  to  compute  the  energy  requirements  associated  with  a  par¬ 
ticular  scenario.  Once  Che  hourly  metabolic  costs  of  a  scenario  are 
determined,  the  ability  of  an  infantry  sollder  to  perform  Che  mission  can 

be  assessed. 

Crltlquat  The  report  Itself  does  not  present  anything  new  -  but 
rather  repackages  an  existing  model  for  unit  commanders  to  provided  them 
with  a  tactical  planning  tool.  It  la  useful  when  considering  long 
marches  over  a  range  of  terrain  and  conditions. 

While  a  "fatigued"  state  Is  Indicated  by  the  resulting  metabolic 
rate,  the  model  will  not  provide  a  rate  of  fatigue  over  a  timeline,  some¬ 
thing  which  would  be  of  use  to  combat  modelers. 
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Doeumeat  No:  472 


Titl«:  HUMAN  PERFORMANCE  AND  MILITARY  CAPABILITY  IN  CONTINUOUS 
OPERATIONS:  A  USER-ORIENTED ' REVIEW  OF  THE  LITERATURE  ON  THE  EFFECTS  OF 
SLEEP  LOSS,  WORK-REST  SCHEDULES,  AND  RECOVERY  OF  PERFORMANCE 

Authors:  Woodward,  Donald  P.,  and  Nslson,  Paul  D. 

Agoney:  Subgroup  U,  Tachnlcal  Cooperation  Program  (Australia, 

Canada,  U.K.,  USA) 

Data:  1974 

Stressors:  Continuous  operations 

Subjects:  N/A.  This  uaa  a  review  of  the  state  of  research  knowledge 
on  human  performance  capabilities  and  sleep  loss. 

Results:  Since  this  was  a  review  study,  no  research  data  were  pre¬ 
sented.  However,  a  number  of  potentially  useful  generalltations  were 
presented  in  tabular  form.  These  are  reproduced  below  (pp  B-1  through 
B-4). 


Tasks  Most  Vulnerable  to  Sleep-Loss  Effecte 

0  Uninteresting  and  monotonous  tasks 
0  Tasks  that  are  new  or  require  learning  on  the  Job 
0  Work  "paced  tasks  (as  opposed  to  self-paced  tasks) 

0  High-workload  tasks  that  require  time-sharing  with  other  primary  and 
secondary  tasks 

0  Tasks  that  require  continuous  attention  and  steady  performance 

0  Tasks  in  which  the  worker  has  little  feedback  on  his  performance 

Work  Schedules  Most  Vulnerable  to  Performance  Impairment 

0  Continvious,  uninterrupted  time  on  task  for  several  hours  duration 

0  Work  period  becween  0200-0600  hours  (unless  worker  Is  specially 

prepared) 

0  Night-shift  work  with  worker  having  had  less  than  three  to  five  days 
on  the  night  shift 

0  Day  and  night  shifts  rotating  on  consecutive  days 
0  Work  periods  of  around  the  clock  with  2-hour  rest  intervals 

0  First  postsleep  work  period  immediately  following  continuous  duty 
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Amount  of  Sleep  loss  Required  to  Impair  Performance 


0  24  houra  on  routine  end  monotonous  tasks  or  new  skllla 

0  36-48  hours  on  moat  tasks  involving  cognitive  and  perceptual  skills 

0  50  par  eent/24  hours  cumulative  reduction  of  normal  sleep  time  over 

one  week 

0  4-6  hours  if  working  0200-0600  watch  after  day  of  continuous  work 

0  24  hours  If  sleep  loss  Is  Imposed  on  one  week  of  "4  on  -  2  off" 

work-rest  schedule 

0  24  hours  If  sleep  loss  Is  Imposed  on  two  weeks  of  "4  on  -  4  off" 

work-rest  schedule 

Types  of  Performance  Impairment  Most  Likely  from  Sleep  Loss 

0  Slower  reaction  time,  Increased  time  to  perform  known  tasks 
0  Short-term  memory  decrement,  Impairment  In  speed  of  learning 
0  Impairment  In  reasoning  and  complex  decision  chain 
0  Errors  of  omission,  lapses  of  attention 
0  Increased  feelings  of  fatigue.  Irritability,  depression 
0  Erratic  performance  or  Increased  variability  In  proficiency 

Procedures  for  Reducing  Performance  Impairment  Risks  In  Continuous 
Operations 

0  Periodic  breaka  in  task  and  mild  physical  exercise  or  recreation 
0  6-8  hours  continuous  off  duty  time  per  24  hour  period 

0  Task  rotation  among  cross-trained  crew  on  relatively  routine  Jobs 

0  Task  rotation  among  crew  on  complex  tasks  only  when  members  are 

highly  trained  to  shift  functions 

0  Selection  of  personnel  who  prefer  and  are  able  to  adapt  to  different 
work  schedules 

0  Training  on  complex  tasks  to  degree  of  "over  learning" 

0  System  design  to  compensate  for  types  of  errors  most  likely  to 
occur 

Unusual  Work  Schedules;  Time  Required  for  Recovery  and  Adjustments 

0  12  hours  sleep/rest  before  prolonged  work  period 

0  12  hours  sleep/rest  after  36-48  hours  acute  sleep  loss  (subjective 

fatigue  may  linger  for  three  days) 

0  24  hours  sleep/rcst  after  36-48  hours  sleep  loss  with  high  work  load 

(12-16  hours  per  day) 

0  Two  to  three  days  time  off  after  72  hours  or  more  acute  sleep  loss 

0  Three  to  five  days  to  Initiate  biological  adaptation  and  return  to 

normal  day/nlghc  cycle  from  night  shift 
work 

o  Three  to  four  weeks  for  full  adaptation  of  biological  rhythms  to 
atyplkcal  work-rest  schedules  (as  In  night  shift  work) 
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APPENDIX  B 

ABBREVIATED  SYNOPSES  OP  RELEVANT  REPORTS 
Documant  No:  466 

Tltl«:  DEGRADATION  OF  TANK  EFFECTIVENESS  (REPORT  DISTRIBUTION 
LIMITED) 

Authors:  Barrou,  R.C.,  Havana,  J.W.,  Halters,  R.F.,  Luts,  H.G., 

Tallep,  J.H.,  Degslo,  O.J.  and  Smith,  J.R. 

Agsney:  Headquarters,  TRADOC  Combined  Arms  Test  Activity,  Ft.  Hood, 
Texas 

Data:  1976 

Stressor:  Tank  operations,  with  hatch  closed  vs.  open,  day  and 
night 

Tasks:  Target  acquisition,  live-fire,  navigation 
Subjects:  20  tank  crews 

Results:  This  study  is  only  of  peripheral  interest  to  this  review, 
Generally,  crew  performance  was  significantly  poorer  with  the  hatch 
closed  than  with  it  open.  The  reasons  given  relate  primarily  to  system 
design,  procedural  and  training  Issues.  It  might  be  expected,  however, 
that  crew  fatigue  and  sleep  deficit  would  make  these  problems  worse  in 
closed-hatch  operations. 
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Doeuaaae  No:  525 


Title:  DURATIONS  OF  SAFE  EXPOSURE  FOR  MEN  AT  WORK  IN  HIGH 
TEMPERATURE  ENVIRONMENTS 

Authors:  Bell,  C.  R.,  end  Crovder,  M.  J. 

Agency:  London  School  of  Hygiene  end  Troplcel  Medicine,  Medical 
Research  Council  Environnental  Phyaiology  Unit 

Date:  1971 

Stressors:  Subjects  wera  exposed  to  humid  high  tampersture  environ¬ 
ments  and  to  a  range  of  relatively  dry  high  temperature  environments. 
Environmental  conditions  ranged  from  37.0  to  30.0  degrees  C  dry  bulb/wet 
bulb  temperature  in  which  air  movement  was  either  0.76m/s  or  1.02  m/a  and 
air  and  wall  temperatures  were  equivalent.  Range  repreaents  environments 
which  could  be  entered  without  special  protective  clothing  and  in  which 
the  duration  of  exposure  would  not  be  determined  by  intolerable  pain  or 
tissue  damage  in  exposed  skin  surfaces.  The  desired  minimum  safe 
exposure  time  was  sat  at  10  minutes  such  that  sufficient  time  should  be 
availabla  to  workers  to  perform  useful  work. 

Tasks:  Subjects  performed  a  routine  of  continuous  work  on  a  stool- 
stepping  task  which  required  subjects  to  step  on  and  off  a  22.9  cm  high 
stool  in  time  with  a  signal  light  flashing  at  a  rate  of  12  times  per 
minute.  Subjects  worked  at  roughly  4.34  kcal/min. 

Subjects:  87  fit,  unacclimatized  young  men,  taken  from  the  popu¬ 
lation  of  engine<*coom  personnel  in  the  Royal  Navy. 

Results:  Results  lead  to  development  of  a  regression  equation; 

y  ■  log(b/(c-a))+e^ 

where  y  log  time  to  imminent  heat  collapse 

c  ••  climatic  variable  which  considers  dry-bulb  temp  and  wet  bulb 
temp  in  degrees  C 

e  ■  error  associated  with  the  1th  observation 

Consequently,  this  lead  to  development  of  safe  exposure  time  as 
exposure  time  «  K(p)exp(y) 

where  K(p)  is  a  factor  depending  on  the  value  of  p  -  the  proportion  of 
exposeea  to  be  protected,  and 

y  is  the  predicted  log  mean  time  to  imminent  collapse. 

From  the  equation  and  values  for  percentage  of  mean  time  to  collapse, 
tables  were  constructed  and  included  to  show  the  durations  to  nearest 
minute  of  safe  exposure  to  environments  within  the  range  of  thermal  se¬ 
verity  studied  for  unacclimatlsed  men,  working  at  roughly  310  Joules/sec 
or  4.34  kcal/min. 
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As  mentioned  by  the  authors,  the  use  of  the  recommendations  provided  for 
exposure  time  will  depend  on  the  population  at  risk  having  been 
adequately  represented  by  the  sample  of  subjects  who  participated  in  the 
series  of  Investigations  described  here. 
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Docuacnt  No:  103 


TiCla:  EFFECTS  OF  SLEEP  LOSS  AND  STRESS  UPON  RADAR  WATCHING 
Authors:  Bsrgstrom,  Bengt,  Gillberg,  Hats,  and  Arnberg,  Peter 
Agency:  Institute  of  Military  Psychology,  Stoclcholm 
Date:  1973 

Stressors:  Sleep  deprivation  for  78  hours;  unpleasant  electric 
shock 

Tasks:  A  40  lalnute  radar  signal  datection  watch  during  which  time  8 
signals  wore  prssentad.  The  performance  test  was  taken  after  6,  30,  54, 
66,  and  78  hours  without  sleep.  The  shock  stressor  was  administered  only 
on  the  final  day.  Shocks  were  given  at  regular  Intervals  of  not  less 
than  1  minute  before  the  appearance  of  any  target. 

Subjects:  30  of  the  "most  reliable"  men  in  a  Swedish  Army  Company. 

Results:  There  were  no  differences  between  experimental  and  control 
groups  during  the  first  six  hours  when  almost  lOOX  of  the  targets  were 
detected.  After  30  hours  of  sleep  loos,  the  average  detection  rate  was 
about  90%,  and  attar  54  and  66  hours,  the  rates  were  80%  and  70%  re¬ 
spectively. 

The  shock  stress  on  the  final  day  did  not  affect  performance  In  the 
control  group,  and  actually  Improved  detection  probability  In  the  experi¬ 
mental  group  significantly,  compared  to  their  performance  at  54  and  66 
hours.  However,  their  overall  level  of  performance  wao  still  signifi¬ 
cantly  inferior  to  that  of  the  control  group,  who  detected  all  targets. 
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Docunmt  No:  183 

Title:  EXPERIHBNTAL  STUDIES  OF  PSYCHOLOGICAL  STRESS  IN  MAM 

Authors:  Berkun,  Mitchell  M. ,  Blalek,  Milton  M. ,  Kern,  Richard  P., 
and  Yagli  Kan 

Agency:  U.S.  Army  Leadership,  Human  Research  U’^lt,  Presidio  of 
Monterey 

Date:  1962 

Stressors:  Aircraft  emergency 

"Misdirected"  artillery  shells 
Radioactive  fallout 
Forest  fire 

Explosion,  involving  apparent  responsibility  of  subject  for 
having  caused  harm  to  another 

Subjects:  Soldiers  In  their  first  8  weeks  of  Army  Basic  Training 

Results:  Subjects  exposed  to  these  stress  conditions  responded  in 
such  a  way  chat  it  met  the  authors'  requirements  for  research  that  deter¬ 
mines  the  effectiveness  of  performance  under  psychological  stress.  These 
criteria  Included  a  cognitive  response  indicating  chat  the  threat  was 
accepted  as  genuine,  e  significant  physiological  stress  response,  and  a 
negative  affective  response.  The  simulated  aircraft  emergency,  and  the 
misdirected  artillery  shells  episodes,  both  of  which  apparently 
threatened  the  subject's  life,  met  all  three  criteria.  The  situation  In 
which  the  subject  believed  himself  responsible  for  an  explosion  which 
seriously  Injured  another  soldier,  also  met  all  three  criteria  and  pro¬ 
duced  Che  most  extreme  results.  Experienced  soldiers  responded  dif¬ 
ferently  from  recruits  (l.e.,  they  were  less  affected). 


DocuaitnC  No:  116 


Titio:  performance;  decrement  under  psychological  stress 

Author:  Berkun,  Mitchell  H. 

Agencpt  Hunen  Reiources  Research  Office,  Presidio  of  Monterey 
Date:  196 A 

Stressors:  Threat  of  crash  landing 

Threat  of  artillery  fire 

Belief  of  responsibility  for  injury  to  another 
Task:  Repair  of  laal functioning  telephone  to  sununon  aid 
Subjects:  Army  basic  trainees 

Results:  Average  performance  under  threat  was  significantly  poorer 
than  performance  of  the  same  task  by  other  subjects  who  were  motivated 
without  threat.  Soldiers  with  more  military  exparionee  react  differently 
(they  do  better)  In  response  to  the  threat  condition,  and  poorer  in  re¬ 
sponse  to  the  comparable  non-threat  conditions. 


Docuacnt  Ho:  232 


TltU:  HUMAN  PSYCHOPHYSIOLOGICAL  RESPONSE  TO  STRESS:  SUCCESSFUL 
EXPERIMENTAL  SIMULATION  OF  REAL  LIFE  STRESSES 

Authosi;  Berkun,  Mitchell  M.,  Bialek,  Hilton  M. ,  Vagi,  Kan,  Berry, 
Jaaea  L.,  and  Kern,  Richard  P. 

Agency:  U.S.  Army  Leadership,  Huaan  Research  Unit,  Presidio  of 
Monterey 

Date:  1959 

Stressors:  Isolation 

"Misplaced**  artillery  fire 

Belief  of  responsibility  for  Injury  to  others 

A  march  of  12  miles  with  little  sleep 

Task:  Repair  of  malfunctioning  radios,  telephones,  etc.,  believed  to 
be  necessary  to  cope  with  the  threatening  situation. 

Subjects:  Various  numbers  of  non-combat  experienced  Army  personnel 

Results:  This  is  a  preliminary  report  of  a  series  of  studies  which 
are  reported  in  more  detail  in  Berkun  et  al.,  1962  (also  summarized  in 
this  section).  This  document  lacks  any  details  of  the  results,  instead 
focusing  on  conditions  that  the  authors  feel  are  necessary  if  experi¬ 
mental  subjects  are  to  behave  in  stress  studies  the  way  they  would  in 
real  life  threatening  situations. 
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I^ocuaeat  No:  194 


Tltl«:  SLEEP,  PERFORMANCE  AND  MOOD  AFTER  THE  ENERGY-EEPENDITURE 
EQUIVALENT  OP  40  HOURS  OF  SLEEP  DEPRIVATION 

Author:  Bonnet,  Michael  K. 

Agency:  Naval  Health  Research  Center,  San  Diego 
Date:  1980 

Stressors:  A  nwrch  of  20  miles,  with  a  15  minute  break  after  each 
hour  of  march  (marching  was  dona  with  a  full  pack,  on  a  treadmill,  and 
required  approximately  6.5  hours). 

Tasks:  Vigilance,  addition,  choice  reaction  time,  tapping,  short 
term  memory,  symbol  substitution. 

Subjects:  12  well  conditioned  Marines  who  had  finished  Basic 
Training. 

Results:  At  the  end  of  the  march,  performance  on  addition,  vigi¬ 
lance,  choice  reaction  time,  capping,  short  term  memory,  symbol  substitu¬ 
tion,  and  three  mood  scales  wao  significantly  decremented.  The  decre¬ 
ments  closely  approximated  those  reported  In  the  literature  following  40 
hours  of  sleep  deprivation.  However,  recovery  rates  were  very  different 
from  chose  predicted  after  40  hours  of  sleep  loss.  It  was  concluded  chat 
while  changes  in  performance  were  probably  linked  to  total  energy  con¬ 
sumption,  the  commonly  measured  sleep  variables  were  not. 


Oocufflenc  Mo:  177 

T'.tla:  SLEEP  LOSS  EFFECTS  ON  MOVEMENT  TIME 
Author:  Buck»  Leslie 

Agency:  Control  Systems  Lsboratocy,  National  Research  Council, 

Ottowa 

Date:  1975 

Stressors:  One  or  two  nights  without  sleep 

Tasks:  A  step  tracking  task  that  involved  different  probabilities  of 
directional  change  of  the  stimulus  to  be  tracked. 

Subjects:  12  males,  18'-22  years  old  particirated  in  one  experiment 
that  lasted  two  days  with  one  Intervening  night.  Eight  other  male  sub¬ 
jects  participated  in  another  experiment  lasting  three  days  with  two 
intervening  nights.  The  subjects  were  not  otherwise  described. 

Results:  Reaction  time  for  correct  raaponsas  increased  following 
sleep  loss  to  an  extent  inversely  related  to  signal  probability.  Move¬ 
ment  times  increased  following  sleep  loss  to  a  much  greater  extent.  The 
author  concluded  that  movement  time  is  a  more  sensitive  index  of  perfor¬ 
mance  deterioration  due  to  sleep  loss  and  that  movement  time  and  reaction 
time  represent  separate  processes. 
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Docuacnt  No:  164 


Iltla:  EXPERIMENTAL  STUDIES  OF  PROLONGED  WiUCEFULNESS 
Author:  Chllos,  Halter  D. 

Agency:  Aeromedlcal  Laboratory,  Hrlght  Air  Development  Center 
Date:  1955 

Streseore:  56  houri  In  a  link  trainer  cockpit.  Strange  alternating 
pattern  In  vhlch  the  aubject  wee  allowed  to  relax  and  even  aleep  for  the 
flrct  18  hours  but  vaa  required  periodically  to  return  to  an  alerted 
state :  during  the  next  19  hours  he  wes  required  to  remain  alert  at  all 
times;  during  the  final  18  hours  he  was  permitted  to  relax  except  when 
requested  to  alert  himself. 

Tasks:  Reaction  time  teut  which  included  a  vigilance  component. 

Monitoring  a  moving  pointer  and  designating  when  It  was  aligned 
with  a  mark  at  the  top  of  the  display. 

Flying  ILAS  passes  in  the  link  trainer.  However  only  2  subjects 
did  this  and  at  the  very  end  of  the  experiment. 

Subjects:  Four  rated  pilots,  not  otherwise  described 

Results:  The  two  rated  pilots  performad  satisfactorily  in  the  link 
trainer.  The  reaction  time  and  the  alertness  measures  reflected  con¬ 
siderable  variability  in  the  attentiveness  of  the  subjects. 
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Docuaent  No:  478 

Tltlat  THE  IMPACT  OF  ABNORMAL  HOURS  OF  WORK  ON  VARIOUS  MODES  OF 
INFORMATION  PROCESSING:  A  PROCESS  MODEL  ON  HUMAN  COSTS  OF  PERFORMANCE 

Authors:  DtVrlss-Grlsver,  A.H.G.,  and  Msljman,  Th.F. 

AgaacF:  Instltuta  for  Exparlmantal  and  Occupational  Psychology, 
Uulvorsity  of  Gronlngsn,  Tha  Nat har lands 

Data:  1987 


Strassors:  "Abnormal  and  irragular"  hours  of  work 
Subjaeto:  N/A  a  thaoratlcal  artlcla 

Rasults:  A  process  modal  of  human  costs  of  performance  at  abnormal 
hours  of  work  Is  presented  (reproduced  on  the  following  page). 
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Ahnormal  hourji  of  work  and  information  processinu 


Figure  I .  A  procMs  model  of  humen  coits  of  perrormance  at  abnormal  hours  of  work. 
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Doeuaut  No:  304 

TltU:  ASSESSING  PERFORMANCE  UPON  ABRUPT  AWAKENING  FROM  NAPS  FROM 
QUASI -CONTINUOUS  OPERATIONS 

Author! :  Olngia,  Dtvld  F.,  Orne,  Martin  T.|  and  Orna,  Emily  Caroea 

Aganey:  Tha  Xn«tltuta  of  Pannaylvanla  Hoapltal  and  tha  University  of 
Pennsylvania.,  Philadelphia 

Data:  1985 

StraMprs:  Up  to  54  hours  of  sleep  deprivation. 

Subjects:  20  males  and  15  females  ranging  In  age  from  18  to  30  years 
(apparently  college  students) 

Results:  Performance  measures  Included  reaction  time  In  answering  a 
telephone  call  that  disrupted  a  2-hour  nap  following  various  amounts  of 
sleep  deprivation  (6,  18,  30,  42,  or  54  hours).  A  sequential  subtraction 
test  described  as  a  '’challenging'*  cognitive  tash  was  also  used.  Sleep 
deprivation  Increased  the  amount  of  deep  sleep  In  the  naps  and  this  was 
associated  with  greater  post-nap  cognitive  performance  decrements.  Re¬ 
action  time  performance  was  related  to  stage  of  sleep  prior  to  awahenlng, 
and  circadian  placement  of  the  naps  also  modulated  the  post-nop  cognitive 
decreme:it. 

The  authors  stated  that  the  amount  of  slow-wave  sleep  seen  In  the 
subjects  related  most  closely  to  the  cognitive  decrement  upon  awahenlng 
and  suggested  that  something  accumulates  psyehophyslologlcally  during 
slow-wave  sleep  that  makes  It  difficult  for  subjects  to  function  cogni¬ 
tively  when  they  are  aroused  within  close  temporal  proximity  of  the  slow- 
wave  sleep  process.  This  period  of  confusion  upon  awakening  has  bean 
called  sleep  inertia. 

With  respect  to  circadian  effects,  tha  authors  state  that  from  the 
standpoint  of  napping  in  quasl-contlnuous  work  settlnge,  particularly 
those  that  may  require  optimum  performance  at  a  moment's  notice,  2  hour 
naps  in  tha  circadian  trough  should  probably  be  avoided.  This  is  clearly 
counter  intuitive  in  that  sleep  tendency  Is  higher  near  the  circadian 
trough  than  near  tha  peak.  In  addition,  naps  should  probably  be  taken 
before  sleep  loss  accumulates  beyond  36  hours,  because  more  severe  cogni¬ 
tive  performance  decremcnta  can  be  expected  upon  awakening  from  naps 
taken  after  this  time. 
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Doeuacnt  No:  462 


Title  THE  EFFECTS  OF  COMBAT  LOSSES  AND  FATIGUE  ON  COMBAT 
PERFORMANCE 

Author:  DuPuy,  T.N. 

AgMcy:  T.  N.  DuPuy  Assoclatoa 

Out*:  1979 

Historical  data  from  sight  campaigns  involving  suatalnad  combat  for 
psriods  of  11  to  56  days  wars  snalysad  for  the  offset  of  fatlgua  on  unit 
affaetivanSss.  It  is  postulatad  that  fatlgua  Is  raflactad  in:  (1)  casu¬ 
alty  ratas;  (2)  aeora  affactlvanasa  ratas  (casualty  Inflicting  capa¬ 
bility  with  Influancas  of  factors  such  as  waathar  and  terrain  factorad 
out):  and  (3)  an  Intarralatlonshlp  of  casualty  and  scora  affactlvanasa 
ratas  and  maasuraa  of  combat  Intanslty. 

« 

It  Is  shown  that  thesa  Indicators  genarally  daclinad  ovar  tima  In 
ralation  to  tha  langth  of  combat  without  rallaf.  Tha  avldanca  of  fati¬ 
gue,  as  raflactad  by  these  Indications,  was  shown  to  be  greater  for  the 
attaclcar  than  tha  dafandar. 

The  following  conclusions  are  drawn: 

1.  Tha  affactlvanasa  of  military  formations,  from  division  through 
corps  to  field  army,  can  ba  maasurod  In  terms  of  Fatlgua  Indi¬ 
cators,  which  reflect  a  combination  of  performance  criteria,  of 
which  tha  most  Important  seam  to  ba  tha  ability  to  inflict 
casualties  and  tha  Intanslty  of  combat  (as  measured  by  both 
casualties  Incurred  and  a  combat  Intanslty  factor). 

2.  The  significance  of  these  fatigue  Indicators  la  greater  for  the 
attacker  than  for  the  defender,  since  the  attacker  has  the 
initiative,  and  tha  defender  Is  forced  to  respond  to  that  in¬ 
itiative,  regardless  of  the  fatigue  status  of  defending  units. 

3.  For  larger  formations,  such  as  corps  or  armies.  In  extended 
campaign  operations,  tha  decline  in  performance  can  be  repre¬ 
sented  by  a  gradually  increasing  fatigue  factor  with  a  decline 
of  about  1.65Z  par  day  at  tha  outsat  of  tha  campaign,  up  to  a 
maximum  declina  of  about  2.70X  per  day  by  tha  25th  day. 

4.  For  tha  divisions  participating  In  such  campaigns,  tha  dally 
decline  Inrparformanea  la  about  6.79Z  par  day  during  brief 
periods  of  intensive  combat;  it  la  about  1.94Z  par  day  for 
longer  periods  in  which  the  divisions  are  actively  engaged  lass 
than  BOX  of  tha  time;  It  is  about  1.39X  for  periods  In  which 
tha  divisions  are  engaged  SOX  or  lass  of  tha  time. 

5.  During  lulls,  or  periods  In  which  divisions  are  not  committed 
to  active  combat,  they  recover  praviously  lost  combat  ef- 
fectlvenass  (as  manifested  in  fatigue  Indicators)  at  a  rata  of 
about  5.94X  par  day. 
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6.  Furchei:  research  Is  required  to  verify  these  preliminary  con- 
cluslons,  end  to  datermine  the  effect  of  replacements  upon 
average  figures  for  decline  and  recovery  of  combat  performance 
capability. 
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Docuaant  No:  295 

Titlt:  EFFECTS  OF  THE  LOSS  OF  100  HOURS  OF  SLEEP 
iuthor:  Edwtrdi,  K,  S. 

Agraeyt  Uoivtrtlty  of  Goorglo 
D«ttt  1941 

SttMOorsi  Up  to  100  hours  without  tltsp 

Tsskst  Essctloa  tlmst  topping aiming,  hand  ataadlnasa,  eplot  par- 
eaptlon,  visual  acuity,  dapth  psrosption,  iaamlng,  mamory,  and  parfor- 
mancs  on  ths  ACE  psychological  axaminatlon 1 

Sttbjaets:  13  msn  and  4  woman,  not  othsrwisa  dascribad. 

Rasults;  Savara  datarioration  in  tha  parformanca  of  most  tasica  aftar 
72  hours.  Subjaeta  had  to  ba  awakanad  rapaatadly  during  tha  tasts. 

Lapses  or  pauses  in  observing  rata  and  brief  bursts  of  observing 
ware  viewed  as  aarly  indicators  of  slaap  daprivation^inducod  parformanca 
dacramant.  These  are  baliaved  to  increase  in  fraquaney  and  duration  as 
slaap  deficit  ineraasaa. 
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OocuMttt  No:  172 

IltU:  PEaFORMAMCB  CHAMGBS  DURING  SUSTAINED  OPERATION  OF  A  COMPLEX 
PSYCHOMOTOR  TASK 

AuEherit  ElUngstAdi  V.  S.»  and  Halnatrat  N.  V. 

Agaaept  Oapt.  of  Psychology ,  UnlvsrilCy  of  South  Dakota 
Data:  1970 

Straaaora:  Continuous  work  at  a  varlsty  of  tasks  for  15  hours. 

Tasks:  Tracking  (siailar  to  autonobila  stsarlng) 

Vigilancs 
Rsaction  tins 
Msntal  BUltiplication 
Digit  span 

Tracking  parformanca  was  tha  primary  task.  Subsidiary  parfomsnca 
tasks  included  tha  vigilancs  task,  reaction  tima,  mental  multiplication 
and  digit  span. 

Subjects:  IS  mala  graduate  and  medical  students. 

Results:  Significant  decrements  in  tracking  performance,  as  measured 
both  in  the  amount  of  time  off  the  target  track,  and  tha  number  of  times 
off  target,  occurred  over  the  15  hour  session.  There  was  no  clearly 
established  performance  decrement  on  the  subsidiary  tasks;  rather  there 
was  marked  variability  in  performance  over  the  course  of  the  experimental 
session  in  the  performance  of  these  tasks.  Performance  on  the  vigilance 
task  and  one  of  Che  reaction  time  tasks  actually  improved  (probably  a 
learning  effect). 


Doeuatnc  No:  527 

Tit It:  EFFECT  OF  HEAT  AND  CHEMICAL  PROTECTIVE  CLOTHING  ON  COGNITIVE 
PERFORMANCE 

Autbori:  Pint,  B.,  and  Kobclek,  J. 

Astnept  US  Armp  Rttttreh  Inttltutt  of  Envlronntnctl  Mtdlelne, 

Nttleic,  MA 

Dttt:  1987 

■'  i:  .  ■ 

Strtitt  Sidtatarp  tol.4i«vi  clad  id  NBC  gtar  In  txtrama  ollmatta. 

Taaka:  Cartaln  aapaeta  of  thoaa  ptrforntd  by  Individual  mambtra  of 
FDC  ttama,  by  forward  obatrvtra,  and  by  Arny  communication  personnel. 

Taaka  rely  on  cognitive  akllla  relevant  to: 
tlta  computation: 

:  codebook  iproceaalng  for  meiaagea  and  map  coordinates;  and 
map  plotting. 

Subjeeta:  23  male  soldier  voluntebra,  screened  for  medical  flttness 
and  able  to  read  without  glasaes.  Subjects  were  trained  In  the  tasks  and 
use  of  the  MOPP-IV  gear. 

Results;  After  4-5  h  of  exposure  in  a  climatic  chamber  to  a  moder- 
ataly  hoc  environment,  the  cognitive  performance  of  a  group  of  highly 
trained  soldiers  clad  In  the  MOPP-IV  configuration  of  NBC  protective 
clothing  began  to  deteriorate  markedly.  By  the  end  of  7  h  of  exposure 
to  heat,  Increases  In  percent  group  error  ranged  from  17  -  231  over  con^ 
trol  conditions  on  Investigator  paced  casks.  Virtually  all  of  this 
decrement  was  due  to  increasee  in  errors  of  omission.  The  productivity 
of  Che  group  on  s  self-paced  task  (map-plotting)  decreased  by  approxi¬ 
mately  40%  from  control  conditions  after  6h  in  the  heat,  but  accuracy  of 
plotting  did  not  appear  to  be  markedly  affected. 

While  not  dealing  with  physical  activity  or  physically  stressful  tasks, 
the  study  Is  of  interest  because  of  the  relevance  of  Che  subjects  casks 
to  real  world  army  tasks.  The  duration  of  the  study,  8  hrs.  Is  also 
significant. 


Doeuacnt  Mo:  160 

Tltli:  SUSTAINED  OPERATIONS  AND  SLEEP  DEPRIVATION:  EFFECTS  ON 
INDICES  OF  STRESS 

Author*:  Fvaneosconl,  R.  P.,  Scokos,  J.  W.,  Banderet,  L.  E.,  and 
Kowal,  p.  M. 

Aganep:  U.S.  Army  Roatarch  Inatltuta  of  Eavlroomaatal  Hadlclna, 

Natick 

Data:  197B 

Straaaora:  Oaa  taam  vaa  alaap  daprlvad  for  48  houra  vhlla  tha  aacond 
taaa  waa  deprived  of  alaap  for  two  conaaeutlv*  39-hour  porioda,  aaparatad 
by  a  33  hour  teat  Intarval 

Taaka:  Savaral  taaks  related  to  artillery  fire  direction  team  per¬ 
formance  including  responding  to  radio  aeaaagea  containing  coded  infor¬ 
mation,  plotting  grid  coordinatea^  elide  rule  computations,  maintaining 
written  records,  and  tranamittlng  data  and  instructions  to  a  control 
canter  which  aimulatad  Che  artillery  battery. 

Subjects:  Two  trained  artillery  fire  direction  teams,  each  con¬ 
sisting  of  five  men 

Results:  Performance  waa  evaluated  for  accuracy  and  timeliness.  It 
is  stated  that  aaveral  measures  of  team  performance  showed  fatigue  re¬ 
lated  decrements  but  no  parformanc*  data  are  presented.  Rather,  the 
reported  data  are  limited  to  changes  in  various  physiological  Indices  of 
stress  response.  It  is  stated  that  one  team  exercised  its  right  to  with¬ 
draw  from  the  study  after  48  hours  of  sustained  operations. 
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Document  No:  143 


Titlt:  EFFECTS  OF  71  HOUR  PARTIAL  SLEEP  DEPRIVATION  ON  HUMAN 
BEHAVIORAL  AND  PHYSIOLOGICAL  RESPONSE  MEASURES 

Authors:  Ftssler,  Thomes  W.,  Banignut,  Vernon  A. »  Every,  Martin  G., 
end  Parker  Jr. ,  James  F. 

Ageney:  Bloteefanology ,  Inc. 

Dstsi  1971 

Stressors:  Sleep  United  to  3  hours  in  every  24,  up  to  a  period  of 
72  hours  total.  ' 

Subjects:  14  males,  aged  18-23,  not  otherwise  described. 

Tasks:  Vigilance,  involving  a  simple  signal  detection  task. 

Results:  There  were  three  displays  to  be  monitored  with  different 
signal  rates.  Dally  performance  means  showed  a  progressive  performance 
decrement  over  3  days  of  limited  sleep.  Both  signal  detection  measures 
and  response  latency  showed  progressiva  loss  of  performance  capability. 

A  measure  of  observing  rate  of  the  several  displays  also  showed  a  reduc¬ 
tion  in  response  effort;  significance  was  obtained  only  in  the  case  of  a 
variable-interval  schedule. 

Lapses  or  pauses  in  observing  rata  and  brief  bursts  of  observing 
were  viewed  as  early  indicators  of  sleep  deprivation-induced  performance 
decrement.  These  are  believed  to  increase  in  frequency  and  duration  as 
sleep  deficit  increases. 
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Doeuaant  No :  403 

TlClt:  PRELIMINARY  RESULTS  OF  A  PSYCHOLOGIST’S  OBSERVATION  AND 
PARTICIPATION  WITH  A  COMBAT  UNIT  DURING  CONTINUOUS  OPERATIONS 

Authors:  Fueesrsr,  Jauts  W. 

Agsoep:  Community  MsntsI  Hoslth  Activity,  William  Beaumont  Army 
Medical  Canter,  El  Paso,  Texas 

Date:  1982 

Stressors:  Continuous  operations  over  a  2-weelc  period  during 
REFORGER  B2. 

Tasks:  All  operations  associated  with  an  armored  cavalry  unit. 

Direct  observation  and  personal  conversations  with  the  troops;  no  perfor¬ 
mance  measurement . 

Subjects:  Various.  Personnel  in  the  Battalion  Aid  Station,  In  the 
Tactical  Operations  Center,  and  line  troop  commanders. 

Results;  Authors  reported  that  he  personally  got  only  2.8  hrs  sleep 
per  24  during  first  exercise  week  and  2.1  hrs  per  24  during  second  week, 
even  chough  he  had  no  assigned  dudes.  He  observed  the  troop  commander 
to  average  less  than  1  hr  of  sleep  per  24. 

The  effects  of  sleep  deprivation  and  other  operational  stress  fac¬ 
tors  were  "progressive  and  dramatic".  Among  the  effects  observed; 

(1)  Inability  (after  2  or  3  days  of  continuous  operations)  of  a 
troop  commander  to  take  effective  action  against  being  encir¬ 
cled  although  he  was  warned  of  the  danger  by  a  neighboring 
unit , 

(2)  Increased  time  for  leaders  to  accomplish  routine  tasks  (deploy¬ 
ment  and  positioning  of  platoons). 

(3)  Increased  errors  in  map  reading  and  locating  themselves  on  the 
ground  in  relation  to  maps. 

(4)  Increased  errors  in  radio  transmissions;  longer  transmission 
times;  increased  use  of  incorrect  call  signs;  Irritability. 

(5)  Decreased  Information  flow  between  combat  elements  and  up  the 
chain,  resulting  in  unnecessarily  short  notices  to  supporting 
elements  and  disruption  of  their  functioning. 

(6)  Increased  vehicle  accidents  Involving  serious  Injury  or  pro¬ 
perty  damage  (after  3-4  days  of  exercise  play). 

(7)  Lack  of  cohesion  and  esplrlt;  reduced  "will  to  continue". 

(8)  Increased  rumors  and  misinformation  as  formal  channels  of  com¬ 
munications  became  less  effective. 
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Doeumcne  No:  513 


Tltlo;  EFFECTS  OF  LIFTING  FREQUENCY  AND  TECHNIQUE  ON  PHYSICAL 
FATIGUE  WITH  SPECIAL  REFERENCE  TO  PSYCHOPHYSICAL  METHODOLGOY  AND 
METABOLIC  RATE 

Authors:  Gsrg,  A.|  and  Saxena,  U. 

AgancF:  University  of  Wlsconsln-Hilwaukse,  Industrial  and  Systems 
Engineering 

Date:  1979 

Stressors;  Repeated  lifting  over  40  min.  trial  duration:  range  of 
frequency  of  lift  (3,  6,  9,  and  12  llfts/ioln);  different  lifting 
techniques 

Task:  Lifting  a  tote  box  from  the  floor  to  a  0.5  n  vertical  height, 
Subjects:  6  male  college  students. 

Results:  Maximum  acceptable  work  was  significantly  affected  by  the 
lifting  technique  and  frequency.  The  maximum  acceptable  work  load  In¬ 
creased  with  increasing  frequency.  The  minimum  metabolic  cost  occurs  at 
9  lifts  per  minute  or  70cal/kg-m.  The  free  style  technique  produced  the 
largest  maximum  acceptable  work  loads.  In  addition,  lifting  technique 
and  frequency  had  a  significant  effect  on  metabolic  rate.  At  lowest  work 
pace,  muscle  strength  Is  the  limiting  factor  in  selecting  maximum  weight 
of  lift.  Physiological  fatigue  criteria  results  In  more  liberal  stan¬ 
dards  at  low  lift  frequency. 
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Document  No:  528 


Title:  PREDICTING  HEART  RATE  RESPONSE  TO  WORK,  ENVIRONMElTi’ ,  AND 
CLOTHING 

Authors:  Glvoni,  B.,  end  Goldman,  R. 

Agancp:  US  Army  Research  Institute  of  Environmental  Medicine, 

Natick,  MA 

Date:  1973 

Task:  N/A.  Report  presents  a  prediction  equation  derived  from  pre¬ 
vious  studies. 

Subjects:  8  heat  acclimatized  subjects  on  a  treadmill  task. 

Results:  A  prediction  equation  for  heart  rate  response  to  work, 
environment,  and  clothing  Is  developed.  The  equation  predicts  a  dynamic 
response  patterns  of  heart  rate  with  time  of  exposure  for  both  a  constant 
activity  and  environment,  and  with  varying  activity,  environment,  and 
clothing  during  an  exposure.  Activity  Is  represonteu  as  total  metabolic 
energy  production,  In  watts i  clothing  Is  represented  as  the  thermal  Insu¬ 
lation  of  clothing.  In  do  units;  environment  le  represented  through  air 
temperature  Is  in  degrees  C  and  (E^^q'^ma^c)*  metabolic 
and  environmental  heat  load  not  dlssappeted  through  evaporative  cooling 
of  clothing  and  environment. 
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DocumcQls  No:  X97 

Tltlo:  EFFECTS  OF  SLEEP  OEPUVATIOU  ON  SHORT  DUBATZOH  PERFORMANCE 
MEASURES  CO^iPARSO  TO  THE  WILKINSON  AUDITORY  VIGILANCE  TASK 

Authors:  Glsnvllls,  Marilyn,  Broughton,  Roger,  Wing,  Alan  M.,  and 
tfllklhscn,  Robert  T. 

Agency:  Psychojphyslology  Section,  Medical  Research  Council,  Applied 
Psychology  Cnlti  Cenbridge 

Dace:  1978 

Stressors:  One  night's  sleep  deprivation 

Yaska:  Siaple  reaction  tlnei  choice  reaction  tine,  short  term 
Lienory,  handvritlng  (time  limited),  and  auditory  vigilance. 

Subjects:  Eight  volunteer  males  aged  20-46,  not  otherwise  described 

Results:  Performance  on  the  two  reaction  timed  tests  was  signifi¬ 
cantly  impaired  by  the  one  nights  loss  of  sleep^  but  not  as  much  as  per¬ 
formance  on  the  vigilance  task.  The  short  terS  iBspory  test  failed  to 
show  any  adverse  effects  of  sleep  loss  and  the  same  was  true  of  the  hand¬ 
writing  teat.  The  performance  tests  (other  than  the  Wilkinson  vigilance 
test)  were  all  of  very  short  duration  (10  minutea).  The  authors  conclude 
that  the  two  short  reaction  time  tnsts,  which  were  given  on  portable, 
equipment,  should  be  sensitive  to  detecting  the  effects  of  sleep  loss  and 
assessing  the  levels  of  alertness  in  the  field. 


Documtat  Ko:  530 

Title:  PHYSIOLOGICAL  RESPONSES  DURING  WORK  IN  HOT  HUMID  ENVIROMENTS 

Authors :  Gupta,  J.,  Svamy,  Y.,  Dimrl,  G.,  and  Plchan,  G. 

Aguney:  Dafanca  Instltuta  of  Physiology  and  Alllad  Sclaucas,  Naw 
Dahll 

Data:  19S1 

Strassora:  Submaxlnal  tlxad  work,  rates  (400,  300,,  and  600  kgM/mln) 

In  a  climatic  ehaobar  at  comfortable ,  hot  humid,  and  vary  hot  humid  cll> 
made  conditions.  Varldus  lavals  of  axa^‘clsa  vara  admlnlstardd  over  a  90 
minute  duration,  or  until  the  subject  could  not  maintain  the  assigned 
level  of  work,  heart  rata  reached  130  beats  per  minute  or  above,  or  rec- 
^al  temperature  reached  40  degrees  C,  whichever  came  first. 

*1  • 

Tasks:  Submaxlmal  work  performed  on  a  bicycle  orgometer. 

Subjects:  6  young,  healthy  Indlaii  soldiers,  well  acclimatized  tc  the 
heat .  ' 

Results]  A  algnlflca-'.tly  higher  VO^  cost  occurs  daring  400kgM/mln 
of  work  in  hot  and  y.ery  hot  humid  envlronmenta  whereas,  In  the  higher 
rates  of  work,  the  changes  were  not  slgnificsnt.  The  cardiac  frequency 
showed  a  significantly  hlghet  rise  during  different  grades  of  activities 
in  hot  and  very  hot  environments  except  in  the  highest  work  rate  in  hot¬ 
ter  environments,  poeolbly  due  to  ettelnment  of  maximum  heart  rate.  The 
duration  of  continuous  physical  afforta  In  varioua  grades  of  activities 
dsersased  significantly  in  hot  humid  environments  over  those  In  the  com¬ 
fortable  temperature. 

In  hot  humid  environments,  work  performance  decreased  due  to  early  at¬ 
tainment  of  maximum  heart  rate,  reduction  in  VO2  max,  disproportionate 
rise  in  rectal  tamperature,  narrowing  of  the  difference  between  the  core 
and  tha  skin  tempersture  and  attainment  of  maximum  sweating  rata. 
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Document  Ho:  005 

Tltlmt  A  STUDY  OF  RECOVERY  FUNCTIONS  IN  MAN 

Authors:  Harris,  William  and  O' Hanlon,  James  F. 

ArmcF:  Hunan  Englnserluc;  Laboratory,  Absrdssn  Rcsaarch  and 
Dsvslop^t  Cencsr 

Data:  1972 

btrsssOrs:  Continuous  and  sustslnsd  oporatlons 

Tasks:  i^Illltary  tasks  In  ganaral;  this  lo  a  revlaw  article 

Subjects:  Military  personnel 

Results:  Concepts  of  eustalned  and  continuous  military  operations 
vSre  exeoiined  with  respect  to  the  relevant  literature.  The  objectives 
were  to  predict  behavioral  and  biological  Impalrmenta  which  night  result 
In  those  operations i  and  to  determine  whether  the  period  necessary  for 
recovery  following  a  Sustained  operation  can  be  ascertained  from  the 
literature.  It  was  concluded  that  those  objectives  could  not  be  met  due 
to  Inadequate  information.  Nonetheless,  the  literature  did  provide  data 
which  suggest  that  certain  severe  Impairments  may  be  experienced  by 
soldiers  engaging  In  sustained  and  continuous,  operations .  It  also  pro¬ 
vided  guidelines  for  the  design  uf  studies  to  collect  the  required 
Information. 
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Oocuatut  Mo:  426 

TltUl  THE  MILITARY  PERFORMANCE  OF  SOLDIERS  IN  SUSTAINED  OPERATIONS* 
Author:  Hoilamt  D.R. 

Agottcyi  Army  PtriMnol  Ravoarch  Eatabllahmant  •  Farnborough, 

Kampahira,  England 

11. 

Data:  1984 

Straaiorii  Lialtad  (1.5  or  3  hra)  or  no  alaap  during  9-day  tactical 
dafanaiva  akareiaaa.  Haavy  rain. 

■  TmIcs:  Vigilanca  rifla-a hooting »  waapon  handling,  digging,  marching, 
patrolling,  map-plotting j  ancoding/dacodlng  grid  rafaraneaa;  ahort-tarm 
memory  teat;  logical  raaaoning  taat. 

Subjaeta:  3  infantry  platoona 

Raaultai  All  of  tha  no-alaap  platoon  vithdrav  from  tha  axarciaa 
aftar  4  nighta  without  alaap.  Horaovar,  military  obaarvara  judgad  tham 
to  ba  inaffactiva  aftar  3  nighta  without  alaap. 

Vigilanca  rifla-a hooting  and  tha  moro  difficult  cognitive  taaka 
datarioracad  moat,  while  aimpla  wall-laarned  taaka  like  weapona  handling 
•uf farad  little.  Thera  waa  a  direct  ralationahip  between  tha  rata  of 
deterioration  and  tha  amount  of  alaap  deprivation,  dropping  to  about  502 
of  control  condition  performance  aftar  9  daya  for  tha  3  hr  alaap  platoon; 
to  about  3SX  for  tha  1.5  hr  alaap  platoon.  Tha  0-hour  alaap  platoon  fall 
to  about  66X  of  control  condition  performance  in  juat  4  daya  before  thay 
withdraw.  Raaponaa  to  ordera  aa  aaaaaaad  by  military  obaarvara  ahowad 
almllar  prograaaiva  daclinaf),  dlractly  correlated  with  tha  amount  of 
sleep  deprivation. 

a 

In  aharp  contraat,  aalf-pacad  taaka  (grouping  of  3  rounda)  showed 
aaaentlally  no  degradation  over  the  full  9  daya. 

In  tha  later  atagaa  of  tha  alaap  deprivation  parlod,  peraonal  hy¬ 
giene  and  aalf  care  deteriorated.  Tha  incidence  of  falling  aaleep  in- 
creaaad,  a  faw  non-commlaaionad  officara  caaaad  to  act  aa  laadara  but 
concentrated  on  peraonal  aurvival.  Planning  for  patrola  alao  deterio¬ 
rated  markedly. 


*For  more  dotaila  of  aimilar  atudiea,  aae  Haalam'a  work  aa  reported  in 
Appendix  A. 
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In  a  second  experiment  In  which  10  Infantry  soldiers  were  sleep- 
deprived  for  90  hours,  following  which  they  were  allowed  varying  amounts 
of  sleep  for  several  days,  the  following  was  noted: 

•  Vigllance/rifle-shooting  began  to  deteriorate  after  1  night 
without  sleep. 

•  After  3  nights  without  sleep  it  fell  to  SOX  of  control  values. 
vAfter  4  hrs  of  uninterrupted  sleep,  performance  "considerably 
improved". 

•  Vtsuel  illusions  were  common  in  this  group  of  soldiers,  and  were 
frequent  during  a  visual  vigilance  test  where  they  accounted  for 
lOX  of  the  false  alarms. 

•  These  personnel  ware  judged  (unanimously)  by  military  observers 
to  be  ineffective  In  a  defensive  role  after  48  hrs  without 

sleep. 

Kaslam's  conclusions: 

1.  Soldiers  are  likely  to  be  militarily  Ineffective  after  48-72 
hours  without  sleep 

2.  The  effects  of  sleep  loss  are  mainly  psychological:  mental 
ability  and  mood  deteriorate,  but  physical  fitness  does  not 

3.  Tasks  requiring  cognitive  ability,  especially  sustained  atten¬ 
tion,  are  likely  to  be  Impaired  after  moderate  sleep  loss 

4.  Simple,  well  learned  and  physical  tasks  are  unlikely  to  be 
Impaired,  even  after  quite  severe  sleep  loss 

5.  A  small  amount  of  recovery  sleep  relative  to  amount  lost  has 
very  beneficial  effects  (p.  221). 
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Document  No:  304 

Title:  SLEEP  DEPRIVATION  AMD  NAPS 
Author:  Hnslom*  Dlonn  R. 

Agoney:  Amy  Poraonnol  RMoarch  Establlihnont  (U.K.) 

D«tt:  1983 

StrMSom:  90  houri  of  vakofuloMi.  Various  groups  of  subjaets  wars 
allowed  either  2  hours  of  sleep  following  90  hours  of  wakefulness,  4 
hours  of  uninterrupted  sleep,  or  4  1-hour  naps  in  each  24  hour  period. 

Tasks:  Encoding/decoding  tests  using  military  ciphers 

Bncoding/decoding  grid  references 

Decoding  nessagas 

Subjects:  10  Infantryman  in  the  2-hour  napping  experiment;  6  infan¬ 
trymen  in  the  4-hour  napping  experinent. 

Resultii:  After  3  nights  without  sleep,  the  subjects'  average  cogni¬ 
tive  performance  was  53X  of  control  values.  During  a  test  session  im¬ 
mediately  before  the  2-hour  nap,  whan  subjects  were  advised  that  they 
were  to  have  a  2-hour  nap,  performance  improved  by  30X,  to  BSX  of  control 
valueii,  indicating  the  considerable  effect  Chat  just  anticipation  of  an 
ioaanenc  nap  can  have  even  on  severely  sleep  deprived  subjects. 

In  Che  second  experiment,  there  were  no  significant  differences  in 
cognitive  performance  between  subjects  who  received  four  hours  of  inter¬ 
rupted  sleep  every  24  hours,  vs.  those  chat  received  4  1-hour  naps  in 
each  24  hour  period.  The  author  concludes  that  this  illustrates  Che 
utility  of  four  hours  of  sleep  whether  it  is  received  in  an  uninterrupted 
block  or  not. 

It  should  be  noted  that  the  encoding  and  decoding  tests  used  in  this 
experiment  were  very  short  (10  minutes  each).  The  results  might  have 
been  quite  different  If  longer  performance  periods  had  been  used. 
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poeiacat  Ho:  179 

Title:  THE  FUTURE  BATTLEFIELD:  HUMAN  DIMENSIONS  AND  IMPLICATIONS 
FOR  DOCTRINE  AND  RESEARCH 

Author:  Hpggo,  Frederick  W. 

Ageuej:  Welter  Reed  Amp  laetltute  of  Reteerch 

Dete:  1982 

Sttpsiori:  Suetelned  werfere;  uaprecedeated  lethality  of  weapone 

Subjaeta:  N/A  •  not  eh  experimentel  ctudy.  Directed  et  ell  military 
peraonnel  under  future  battlefield  conditions 


Conclusione  (in  brief): 

e  Leadership  and  command  functions  will  be  particularly  sus¬ 
ceptible  to  the  stresses  and  strains  Inherent  to  the  sustained 
battlefield 

e  Intense  fatigue  will  be  a  critical  factor  affecting  perfor¬ 
mance  eustalnsbility  at  all  levels  within  the  military 
organization 

e  Force  attrition  is  expected  to  be  very  high  and  replacements 
very  scarce 

•  Casualty  management  will  require  new  methods  of  medical  inter¬ 
vention  and  procedures  for  evacuation 
s  Female  personnel  will  constitute  a  significant  proportion  of 
the  troops  fielded  in  response  to  a  main  force  attack  on  MATO 
e  Pharmacological  supports  of  military  performance  appear  pro¬ 
mising,  particularly  in  regard  to  reduction  of  fatigue, 
anxiety  and  fear. 
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Doeuacnt  No:  456 


Titlt:  THE  BrFSCT  Of  TASK  DUBATZON  AND  WORK-SESSION  LOCATION  ON 
PERFORMANCE  DEGRADATION  INDUCED  BY  SLEEP  LOSS  AND  SUSTAINED  COGNITIVE 
WORK 

Aaebors :  Hoilogravo ,  Ronald  J,  and  Angua,  Rogart  G. 

Aganejr:  Dafanca  and  Civil  inacituta  of  Environnaneal  Uadlelna, 
Downavlllai  Ontario,  Canada 

Data:  1985 

Straaaora:  34  houra  of  alaap  daprlvatlon 

Subjaets:  12  famala  atudanta  from  Unlvaralty  of  Toronto,  agad 
19-24. 

Taaka:  Sarial  raaetlon  tlma,  alnpla  itaratlva  aubtracclon, 
ancodlng/dacodlng,  eonplax  Itaratlva  aubtractlon,  and  logical  raaaonlng. 

Raaulta:  In  ganaval,  taak  parformanca  waa  ralatlvaly  atabla  during 
the  lat  day  (0900  -  2100)  and  even  Improved  aomawhat  over  tlma.  However, 
performance  degraded  abruptly  In  the  early  houra  of  tha  aacond  day  (0300) 
and  never  reached  the  lat  day' a  level  again.  A  almllar  abrupt  drop  In 
perfo.rr’ance  waa  aaen  In  the  early  morning  (0300)  and  aubaequent  houra  of 
the  third  day.  The  following  are  eatlmatoa  derived  from  the  data  plota 
of  the  amount  of  degradation  that  occurred,  on  average i 


2nd  day 

3rd  day 

3rd  day 

va.  lac 

va.  2nd 

va.  lat 

Serial  ritncClon  time 

762 

662 

512 

Logical  raaaonlng 

692 

562 

382 

Simple  aubtractlon 

692 

562 

3S2 

Complex  aubtractlon 

682 

602 

322 

Maaaurea  are  In  terma 

of  correct 

raaponaea  per 

minute. 
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Docuaunt  No:  201 


TitU:  CHANGES  IN  ATTENTION  ALLOCATION  IN  A  MULTI-COMPONENT  TASK 
UNDER  LOSS  OF  SUBEP 

Author:  Hockoy,  C.  R.  J. 

AgtAcy :  MttdlcAl  RMoarch  Counclli  Appllad  Paychology  Uoit, 

Cimbrldg* 

Data:  1970 

Straaaora:  Ona  night  without  alaap 

Taaka:  Purault  tracking  (primary)  and  vigllanca  for  paripharally 

praaantid  visual  signals  (sacondary) 

Subjaets:  12  voluntaar  Naval  ratings 

Raaults:  It  was  hypothaslsad  that  anvlronaantal  traataants  thought 
to  changa  arousal  In  opposlta  dlractloos  (nolsa  and  loss  of  alaap)  will 
also  produca  opposing  changas  in  the  dagraa  of  selectivity  in  attention 
allocation.  Subjects  parfornad  a  primary  tracking  task  while  simul¬ 
taneously  monitoring  an  array  of  light  sources  for  occasional  signals. 
The  parformanca  tests  ware  conducted  in  a  background  of  70  dB  broadband 
noise.  The  effect  of  sleep  loss  was  to  significantly  impair  performance 
of  tha  primary  task,  and  to  reduce  the  advantage  of  high  probability 
sources  over  low  probability  sources  within  tha  subsidiary  task  (i.e.»  a 
loss  of  selectivity).  The  author  concludes  that  tha  results  compliment 
chose  found  in  previous  aaperimants  with  nolsa  in  which  changes  in  at¬ 
tention  allocation  move  in  the  opposite  direction  (an  increase  in  salac- 
tlvlty)  and  thus  supports  tha  view  that  selectivity  is  a  function  of 
arousal  level. 
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Docuaeat  No:  109 

Tltlo:  THE  OPERATIONAL  CONSEQUENCES  OF  SLEEP  DEPRIVATION  AND  SIJIEP 
piFICIT 

Authors  i  Johntion,  L.  C.  and  Naltoh»  P. 

Aisncpi  AGARD  (Advisory  Group  for  Aarospsca  Rasaareh  and 
Pavdlopmant)  NATO 

Oats:  1974 

Strssserst  36*^48  hours  of  total  or  partial  alaap  loss 

Tasiu:  Not  spaclfic.  All  of  tha  tasks  parformad  primarily  by  air- 
craw  aanbars,  although  tha  rasulta  nay  ba  ragardad  as  mora  ganaral  in 
application . 

Eubjactsi  Not  applieabla.  This  is  a  ravlav  articla. 

Rasulta I  "Ef facts  of  total  slaa?  loss,  partial  slaap  loss,  and  slaap 
stags  daprlvatlon  ara  ravlavad  with  particular  attention  to  performance 
dacramant  and  operational  conaaquaheos .  Within  tha  36-48  hour  range  of 
total  slaap  loss  most  likaly  to  ba  axpariancad  by  aircrew  parsoncalt  no 
consistent  or  uniform  pariomanca  dacramant  has  been  found  In  operational 
studies  even  though  laboratory  studies  have  found  dacramant  on  certain 
types  of  tasks.  Of  major  importance  are  tha  type  of  task,  tha  setting  In 
which  the  task  la  to  ba  performed,  and  the  individual.  Physiological 
changes  ara  minimal  during  modarata  sleep  lose,  but  mood  changes  ara 
clearly  noticeabla.  Tha  most  likaly  alaap  problems  for  aircrew  mambars 
ara  those  associated  with  disruption  of  sleep-  wakefulness  cycles  and 
partial  sleep  loss.  Consistent  performance  dacramant  la  difficult  to 
find,  but  markad  Incraasa  In  fatigue  is  s  common  problem.  Slaap  loss, 
both  total  and  partial,  tends  to  potantlata  tha  circadian  Influanca  on 
performance  and  interact  with  othar  stressors  to  enhance  tha  stress- 
induced  physiological  rasponsas.  Deprivation  of  slaap  stage  REM  or  sleep 
stage  4  produces  no  behavioral  changes  supportive  of  earlier  beliefs  that 
these  two  stages,  especially  stags  REM,  wars  necessary  for  effective 
waking  behavior."  (p.  1) 

"What  are  the  operational  consequences  of  sleep  loss  and  sleep  de¬ 
ficit?  Short  of  prolonged  sleep  loss  of  greater  than  60-72  hours.  It  is 
difficult  to  categorically  state  what  the  affects  of  sleep  loss  on  par- 
formance  will  be.  Whether  a  parformtnnce  dacramant  will  occur  during 
sleep  loss  depends  upon  a  complex  Interaction  of  task,  situational  and 
personal  factors.  The  nature  of  tha  teak  and  Its  meaning  to  the  subject, 
particularly  its  survival  value,  ace  of  primacy  Importance  in  the  type  of 
a leap-deprivation  effects  which  occur.  In  the  majority  of  instancas, 
performance  decrement  occurs  whan  the  subject  becomes  sleepy  If  the  sub¬ 
ject  can  ba  motivated  to  remain  alert,  performance  decrement  Is  difficult 
to  detect.  The  conclusion  by  the  Tufts  group  at  the  and  of  their  1949 
review  is  still  appropriata  to  stats  at  the  end  of  this  review.  "Sub¬ 
jective  attitude  (mood,  appearance,  and  behavior)  is  the  primary  factor 
•arlously  affected  by  sleep  loss."  Thera  have  been  no  studies  that  have 
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conclusively  deaonstrated  consistent  perfornanee  decrements  as  a  result 
of  partial  sleep  loss,  even  though  numerous  Illustrations  of  sleep  dis¬ 
ruption  and  Sleep  deficits  have  been  presented."  (p.  33). 

"There  is  still  a  paucity  of  data  on  individual  susceptibility  to 
sleep  loss  effects  and  techniques  to  measure  individual  differences..." 
(Pi  34) 

"At  this  time  the  amount  of  sleep  spent  in  each  sleep  stage  does  not 
appear  to  have  important  operational  consequences.  The  amount  of  sleep, 
and  whether  the  sleep  is  broken  into  several  segments  over  the  2  hour 
period  are  more  important."  (p.  35). 

"Perhaps  the  most  important  question  is  the  one  for  which  there  are 
little  data:  1. a.,  following  missions  that  result  in  sleep  deficits  and 
the  cumulative  build  up  of  fatigue,  what  is  the  necessary  recovery 
period?"  The  little  data  available  suggest  that  the  recovery  period  is 
related  to  the  duration  of  the  mission.  Within  the  36-48  hour  range  of 
total  sleep  loss  most  likely  to  be  experienced  by  alrcrctw  personnel,  no 
consistent  or  uniform  performance  decrement  has  been  found  in  operational 
studies  even  though  laboratory  studies  have  found  decrement  on  certain 
types  of  tasks. 

"Sleep  loss,  both  total  and  partial,  tends  to  potentiate  the  cir¬ 
cadian  influence  on  performance  and  interact  with  other  stressors  to 
enhance  the  stress-induced  physiological  responses,"  (p.  1), 
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Docvment  No:  416 

TltU:  SLEE?  DEPRIVATION  AND  PERFORMANCE 
Author:  Johnson,  Lnvsrnt  C. 

Agsney:  Naval  Haalth  Raaaarch  Cantar,  San  Diego,  CA 
Data:  1980 

Straasor:  Slaap  daprlvatlon 

A  suiamary  artiela  concaming  what  was  known  about  tha  affacta  of 
slaap  loss  on  parformanea  aa  of  1980.  Topics  includa  tha  "lapaa  hypothe¬ 
sis"  and  altematlvaa  to  it;  variablas  that  modify  tha  affects  of  slaap 
loss  (fatigue,  task  variablas,  psychological  factors,  situational 
factors,  behavioral  periodicity)}  tha  affects  of  raducad  slaap  and  frag¬ 
mented  slaap;  and  tha  affects  of  recovery  slaap. 
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DoeuMnt  No:  A87 


tltlo:  PHYSIOLOGICAL  AND  BEHAVIORAL  RESPONSES  TO  THE  STRESS  OF  SLEEP 
LOSS 

Author:  Johniooi  Lavoxno  C. 

Agouey:  Naval  Health  Raaaarch  Caotar,  San  Dlago,  CA 

Data:  Uncertain.  This  la  on  axcarpt  from  a  larger  document  that  waa 
not  Identified. 

Streaaor:  Sleep  loan  lu  varloua  anounta  to  60  houra  or  more 
Taaka:  N/A.  Thla  Is  a  aummary  paper 
Reaulta :  Author ' a  abutract : 

Total  a  leap  loaa  of  greater  than  60  hours  may  be  expected  to  pro¬ 
duce  some  physiological,  biochemical,  performance,  behavioral,  and 
mood  changea .  The  degree  of  change  depends  upon  the  individual 
but,  as  sleep  loaa  progreasea  beyond  60  hours,  changea  will 
eventually  be  evident  in  all  arete ;  however,  the  behavioral  algni- 
flcance  of  the  changea  will  vary.  Total  sleep  loss  of  40-48  houra 
would  probably  be  the  upper  limit  with  loss  of  30-36  hours  more 
likely.  These  amounts  of  sleep  loaa  can  be  tolerated  without 
debilitating  changea  in  the  physiological  system.  In  most  In¬ 
stances,  if  any  effects  are  noted,  they  will  first  be  evident  by 
changes  in  mood.  Performance  changes  will  be  minimal  if  the  tasks 
era  brief,  self-paced,  highly  motivating,  and  feedback  is  given  as 
to  adequacy  of  response.  Tasks  that  require  sustained  vigilance 
and  attention,  use  of  newly  acquired  skills,  retention  of  new 
information,  and  which  necessitate  long  periods  to  complete  are 
more  likely  to  show  sleep-loss  affects.  Host  of  the  decrement 
will  occur  during  periods  of  brief  sleep.  These  effects  are  more 
likely  to  occur  during  the  early  morning  hours  whan  body  tempera¬ 
ture  is  low.  Performance  workload  should  be  reduced  during  hours 
whan  sleep  wuuld  normally  occur,  regardless  of  actual  time  of 
day. 
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Document  No:  532 


Tttle:  THE  PHYSIOLOGICAL  COST  OF  CARRYING  LOADS  IN  Til^ERATE  POT 
ENVIRONMENTS 

Authors:  Kamon,  E.,  and  Balding,  H. 

Ageney:  Unlveralty  of  Pittsburgh,  Department  of  Occupational  Health 
Data:  1971 

Streaaora:  Considered  three  weights  (10,  15,  20  kg)  in  three  thermal 
conditions:  neutral,  dry,  (20  degreea  C  ,6B  degrees  ?),  warm  dry  (35 
degrees  C,  95  degrees  F),  or  hot  dry  (45  degrees  C,  113  degrees  F).  Each 
experiment  presented  one  of  four  combinations  of  speed  and  grade  (4  or 
Skm/hr;  0  or  4%  grade).  Walking  speed  were  based  on  preliminary  trlels 
of  aubjccts,  such  that  the  resulting  metabolic  cost  was  minimiz^^.  The 
experimental  test  lasted  65  minutes,  composed  of  5  minutes  of  rest,  10 
minute  warm-up,  S  minute  rest,  and  a  series  of  5  minute  periods  cf  walk¬ 
ing,  carrying,  sitting,  carrying,  walking,  sitting,  walking,  cafrying, 
sitting. 

Taekst  Manual  material  handling  in  hot  environment. 

Subjects:  Three  pretrained,  preacclimatieed  subjects,  20-24  years 
old. 

Reaulta:  Ambient  temperature  did  not  affect  metabolic  cost.  The 
optimum  walking  speed  in  terms  of  energy  expenditure  per  unit  of  distance 
was  found  to  be  about  4  to  5  km/hr.  This  speed  was  similar  for  all  three 
subjects,  even  though  one  had  shorter  legs,  a  higher  step  frequency,  and 
a  IX  higher  energy  cost  psr  kilogram  of  body  weight. 

For  these  experiments,  where  the  load  was  carried  by  the  arms  against  the 
abdomen,  with  the  hands  gripping  the  far  corners  of  the  carton,  the  meta¬ 
bolic  cost  per  unit  of  weight  of  load  was  1.3  to  2.3  times  greater  than 
for  carrying  an  equivalent  amount  of  body  weight.  The  loss  in  efficiency 
from  carrying  loads  In  front  of  the  body  may  be  attributed  mainly  to  the 
increase  In  step  rate. 

During  uphill  walking,  the  step  rate  was  lower.  As  a  result,  the  Ices  in 
energy  efficiency  was  less  than  on  ground,  both  per  unit  of  total  weight 
and  per  unit  of  weight  of  load.  Despite  thia,  the  actual  energy  cost  for 
carrying  loads  uphill  was  great^'r. 

A  regression  of  heart  rate  on  metabolic  rate  showed  that  heart  rate  in- 
creanaa  with  amblant  tsmparaturo  over  that  at  20  degrees  C  for  any  given 
metabolism.  Heart  rate  incraesed  with  increased  loads.  Subjects  found 
it  hard  to  accomplish  the  required  5  minute  period  of  carrying  20  kg  even 
at  20  dcgieea  C,  witlch  supports  the  theory  that  if  a  steady  state  is  not 
reached  the  load  ie  a  fatiguing  one.  In  terms  uf  cardiac  cost,  it  seems 
that  for  repetitive  handling  of  fcuiky  loads  in  front  of  the  body,  15  kg 
Is  about  the  uppe.*  limit. 
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DQcr»«nt  Ms:  520 

TltltJ  PHYSIOLOGICAL  LIMITS  IN  LIFTING 

Authors:  Khalil^  T.,  Genaldy,  A.,  Aefour,  S.,  Vlaelguerra,  T. 

Agoaey:  Ualvortlty  of  Miami,  Dapartnant  of  Induatrlal  ind  Blomadlcal 
Saglnaaring 

Data:  1985 

.  Taakit  Rapatltlva  lifting  varaua  bicycling  task 

kasulta:  Workload  is  aqual  co  tha  fraquaney  x  load  x  height  of  lift. 

This  combination  datarminas  tha  valua  of  VOg  nax  attalnabla.  VOg  nax 
valusa  for  a  lifting  task  vara  significantly  lowar  than  thoaa  obtained 
for  a  bicycling  task.  With  low  lifting  fraquanclas,  the  individual's 
muscular  strength  became  tha  limiting  factor  in  echiavlng  a  workload 
comparable'  >:o  a  highly  dynamic  task  such  as  blcycUng. 

If  limits  of  continuous  work  are  based  on  physiological  limiting  crlte-* 
ria,  they  should  be  basad  on  tha  VO2  max  attainable  for  the  particular 
lifting  task  uncsr  invert igation.  Physiological  capacity  is  a  valid 
factor  for  datarmXning  lifting  capacity  only  in  tha  frequency  range  of  3 
to  9  lifts  par  minute. 

In  lifting,  the  task  demands  which  are  determined  by  the  factors  of  load, 
frequency,  and  height  of  lift  must  be  met  with  adequate  human  capacities 
Co  meet  the  demands.  Strength,  physiological  capacity,  and  psychological 
acceptance  of  the  performed  activity  are  generally  recognized  as  impor¬ 
tant  determinants  of  lifting  capacity.  All  three  are  needed  for  optimal 
determination  of  lifting  capacity. 
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9oeaii«aC  Ncj  585 

Tltla:  E»f,RClSE  IN  A  COID  ENVIRONMENT  VtfTER  SLEfiP  DEPRIVATION 

Atttboirt  '  KolRa,  MarelLi,  BV,  *ad  Elizondo,  R. 

\  AS*.nep.:  Iadi AM  U^Vfiir.fity  School  Mzdlelna  for  tha  US  Army 
R^aaareh  Xd'iiiiituta  of  invirontBancal  Madidiina 

■  -■■v  -VV’:;' , -/v . .  ,, 

Data:  1934  ' 

"S.triaierii.t'''  '8;Ab  ja,'9i:a  axarciitad  ;V6''thot:Ml;eQtaf9.ti:  in  a  cold  anylron- 
iLant  (b  \d«svafiB  0)  afiar  normal  a  SO  hour  parlod  of 

•laap  dapHvaeion.  Slaap  daptivad  ilnd,nbx«al  al^ap  axparimanta  wara 
separated  by  at'laaut  4  days,  and  all  wars  conduccad  batvean  0809  ond 
1200  hr. 

.  1.  . . 

Anblant  tampacatura  K<:aa  0  degraas  C  diirlni^  tha  taats. 

Taako!  Subjacto  patformad  two  trbadmlll  walks  for  45  ainutas  at  1.65 
m/sac  at  a  yoluntarily  ch<';3an  grada.  '  Yhw  srada  was  adjust  ad  to  provide  a 
balance  betwean  cliarmal  comfort  and  oxarclse  fatigue,  to  try  to  continue 
tha  axarclsa  ts  long  as  posaible. 

Subjects:  Six and  1  woman  In  axcsllant  haaiLth. 

Results:  Resting  core  tamparatura  taken  before  the  subject  entered 
tb«  ^'Old  edylroomant  was  signfiicantly  lower  following  the  SO  hour  period 
of  wakefulnasa,  Rectnl  temperature' was  not  different  after  15  minutes  nf 
exereiaa  during  tha  two  expoauras,  suggesting  that  tha  subjects  stored 
hast  more  rapidly  during  the  first  15  minutes  of  sxs'rclso  after  sleep 
deprivation. 

No  significant  diffarsr.ces  in  se.\f>ehossti  axsrclse  Inrensity,  heart  rate, 
metehollc  rate,  or  exerciua  clma  were  evident  between  the  control  and 
sleep  deprived  expoeuree.  Fifty  hours  of  sleep  deprivation  failed  to 
altar  tha  core  temparetura  reaponea  during  exwrr.iee  in  asvsre  r.oid 
stress,  and  subjects  choaa  identical  work  rates  to  minlmlza  fatigue  and 
cold  sansatlon.  Tita  cold  stress  apptarad  to  provide  the  motl/atlon  for 
tha  work  end  this  was  identical  under  the  twe  condition!. 

The  results  suggest  that  the  50  hour  slesp  deprivation  parlod  was  not  a 
trus  physiological  stress  during  sxarclse  In  s  cold  snvlronmsnt. 


Doeuaant  Mo:  156 

Tltlt!  SOlfilER  PfRFOKMAMCE  IN  CONTINUOUS  OPERATIONS:  ADMINISTRATIVE 
^UAL  POR  A  BRIEFING  AND  SEMINAR  FOR  COMMAND  AND  STAFF  PERSONNEL 

Autboro:  Kopit«la,  Foils,  Siogol,  Arthur,  Conn,  Jcooph,  Cavlnoti, 

Jaato,  Slifiar,  Vllliaa,  Otkaptan,  Halls,  and  Dyar,  Frad 

Aianey:  U.S.  Army  Raaaareh  Inatltuta,  Flald  Unit,  Ft.  Banning 

Data:  1985 

Strasaorat  Continuoua  oparatldna 
Sloop  losa 

Taolu:  A  largo  nusbar  of  "critical"  tasko  aosoclatad  with  machanitad 
Infantry,  armor,  FIST,  and  artlllary  oparatlona 

Subjaeta:  Not  applicable.  The  manual  Is  deoignad  to  apply  to  all 
claaaatt  of  soldlare  aaalgnad  to  tha  four  typas  of  combat  units  dascrlbad 
abova . 

Rasttlto:  Degradation  factors  for  tha  various  critical  tasks  par~ 
formad  by  each  of  tha  above  occupational  spaclaltlas,  as  a  function  oi 
1-5  days  of  continuous  operations,  are  presantad  without  supporting  tvl- 
dance.  (Documents  nos.  110  and  161  should  be  consulted  for  details).  It 
la  stated  that  tha  following  are  effects  of  prolonged  continuous  opora- 
tions  on  soldiers  performance:  dacraased  vigilance,  reduced  actantlou, 
slowed  perception.  Inability  to  concantrutc,  faulty  memory,  tlowad  com** 
prohasalon,  alowad  responding.  Increased  omissions  of  tasks,  encoding/ 
decoding  difficulties  (transformation  of  data  or  processing  of  Infor* 
matlon),  fussy  reasoning,  communlcstion  difflcultiss,  and  mood  changes 
(Irrlnablllty ,  daprtsslon,  apathy). 
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Docunaat  Ho*.  210 

TltUi  HUMAN  PSRFORMAKCC  IN  CONTINUOUS  OPERATIONS  t  VOLUME  II. 

MANACEMBNT  GUlOS 

Authot*;  Kopittln,  Ftllx  F.,  Sl«g«l>  Arthur  I.,  Wllsoa,  Lawrtnct  B.| 
and  Oakhptanj  Halim 

Aiaaajr  U.S.  Army  Raatarch  Inatltuta  for  tha  Bahavloral  and  Social 
Sclancta 

Data:  1979 

Straaaoxa:  rontloooua  oparatloaa 

Fatlgua  dua  to  loaa  of  alaap 

plumal  rhythms 

Lov  light  lavalSi  darknaas 

Strata  (not  daf load,  but  "producad  by  a  varlaty  of 
factors  In  tha  Mvlronnant'*) 

Tasks:  A  aultltuda  of  "critical"  tasks  assoclatad  with  machsnlsad 
Infantry,  armor,  FIST,  and  ar tillary  oparatloos 

Subjects:  Nut  appllcabla.  Tha  raconuaandatloas  ara  Intandad  for 
managars  of  parsonnal  involved  in  all  phases  of  ground  combat  uparatlons. 

Raaults:  Not  strictly  applicable.  Chapters  ara  praaantad  on  how 
abilitias  and  parfordancd  daclina  as  a  function  of  loss  of  sleep,  diurnal 
rhythms,  night  operations,  and  "stress";  stratagias  ara  presented  for 
human  rasources  mauagauant,  including  performance  in  continuous  opera-* 
cions;  managemaiit  techniques  ara  auggastad  for  diagnosing  and  reducing 
daflcianelas;  and  mauhoda  o£  assessing  human  rasources.  Including  how  to 
gauge  tha  individual,  teams  and  units,  and  conserve  and  maximise  human 
resources,  ara  prssantad. 
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Doeumcat  No:  304 


Tltlo:  AVIATOR  PERFORMANCE  IN  i<rBEK  LONG  EXTENDED  FLIGHT  OPERATIONS 
IN  A  HELICOPTER  SIMULATOR 

Authors:  Krusgtr,  Gsrald  P.,  Amstroag,  Richard  N.,  and  Cisco, 

Ronald  R, 

Agsaepi  U.S.  Army  Aaromadlcal  Raaaarch  Laboratory,  Ft.  Ruckor, 

Alabtoa 

Data:  1985 

Straaaora:  66  hour,  flva-*day  flight  schadula  with  4  hours  slaap  par 
night.  14  hour  missions  for  4  succassiva  days;  10  hour  mission  on  tha 
Sth  day. 

Subjaeta:  6  quallfiad  pilots 

Rasulta:  A  larga  numbar  of  flight  paramatars  raflacting  pilot  par- 
formanca  wara  raeordad.  In  addition,  during  aach  flight  tha  co-pilot 
partlclpatad  in  slmulatad  navigational  taaks  to  assass  auditory  attantlon 
and  short  tarm  mamury.  Pilots  maintainad  simulator  flight  paramatars  to 
within  accaptabla  tolarancas  of  assignad  Uaadings,  air  spaads,  and  altl- 
tudaa,  avan  during  tha  morning  of  tha  fourth  day  of  schadula.  Howavar, 
various  cognltiva  and  Judgamantal  arrors  wara  mada,  and  flight  surgaons 
daamfd  tham  unsafa  to  fly  by  tha  third  night.  Navarthalass,  It  is  statad 
that  pilots  continuad  to  fly  wall  to  tha  fifth  day. 
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Ooeuatnt  No:  566 

Tlelo:  COMPARISON  OF  FIVE  MODES  OF  CARYING  A  LOAD  CLOSE  TO  THE  TRUNK 
Authors:  Lsgg,  S.  L.,  sod  Mshanty,  A. 

Agsuey:  Army  Psrsonnsl  Rsssareh  Bstsbllshmsnt ,  Fsruborough 
Oats:  1985 

Strsssorai  Haight  fixad  at  3SX  of  aubjaet  body  walght. 

Flva  dlffaraut  modas  of  carrying  vara  lavaacigatadt  military  backpack 
with  tubular  f tana,  backpack  without  frame,  backpack  and  pouehas  on  waalt 
bait:  backpack  and  front  pack,  and  trunk  jacket. 

Tasks:  Carry  load  over  fixed  distance  using  various  modas. 

Subjects:  5  fit  young  males. 

Results:  Cardiorespiratory  and  matablllc  costs  of  the  flva  modas  of 
carry  wars  not  significantly  different.  However,  the  backpack/front 
pack,  and  trunk  jackets  were  rated  as  significantly  more  comfortable  chan 
backpack  with  frame  and  backpack  without  frame. 

The  backpack/front  back  mode  caused  the  greatest  reduction  In  MW,  likely 
due  CO  Che  weight  of  the  front  pack  on  the  chest.  While  this  restrlctlcn 
was  not  perecilved  as  causing  any  great  discomfort  while  carrying  the 
loads  at  moderate  work  raCee  (approximately  SOX  VO2  max),  the  Im- 
porcanee  lias  more  in  the  potential  affect  on  the  performance  of  demand¬ 
ing  caaks  which  require  high  ventilatory  rates,  Immediately  following 
load  carriage. 

The  optimum  method  will  depend  on  the  nature  of  the  task,  the  environ¬ 
mental  condition,  personal  and  other  factors. 
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Documrat;  Ko:  533 

Tltlts  PUYSIOLOCXCAL  EFFECTS  OF  CONTINUOUS  OR  INTERMITTENT  WORK  IN 
THE  HEAT 

Author:  Lind,  A. 

AsoneF:  US  Army  Quart tmta tor  Raaaarch  and  Englnearlng  Canter, 

Natick,  HA 

Data:  1963 

SCraaaora:  During  8  hr  axpoaurea  to  three  cllmatee  with  dry  and  wet 
bulb  temperatures  of  29.4  and  23.9,  36.7  and  25.6,  and  41.1  and  28.3 
degrees  C,  respectively,  subjects  expended  approximately  2100  keel  in 
both  nearly  continuous  level  of  activity  and  Intermittent  bouts  of  much 
harder  work  interspaced  by  longer  periods  of  rest. 

Tasks:  Treadmill  walking,  intermixed  with  light  or  sedentary  acti¬ 
vity  over  a  period  of  8  hours. 

Subjects:  Two  young  fit  soldiers,  unace llmatlsed. 

Results:  Due  to  the  small  subject  sample,  the  results  should  be  con¬ 
sidered  Indicative  rather  than  definitive  of  physiological  responss. 

g 

Extension  of  exposures  to  periods  of  up  to  8  hr  per  se  did  not  demon¬ 
strably  change  the  levels  of  rectal  temperature,  pulse  rate,  or  weight 
loss  found  by  the  2nd  hour  of  exposure  in  the  climates  examined,  In 
prescriptive  climates,  In  which  the  level  of  thermoregulation  depends  on 
the  rate  of  work  rather  than  on  the  environment,  when  the  energy  expendi¬ 
ture  was  2100  kcal  in  8  hr,  either  continuously  ac  a  moderate  rate,  or 
intermittently  at  a  high  rate  with  compensatory  rest  pauses,  the  physio¬ 
logical  cost  was  similar,  as  judged  by  rectal  temperature,  pulse  rate, 
and  weight  loss. 

Results  support  the  view  that  physiological  responses  to  work  in  the  heat 
have  often  been  shown  to  be  higher  in  the  afternoon  than  in  the  morning. 
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Docuacat  No:  130 

Tie lot  EFFECTS  OF  EXERCISE »  BEDREST.  AND  NAPPING  ON  PERFORMANCE 
DECREMENT  DURING  40  HOURS 

Autborit  Lubln,  A..  Hord,  0..  Tracy,  M.L.,  and  Johnson,  L.  C. 

Aganey:  Naval  Haalth  Raaaarch  Cancar,  San  Dlago 
Daeat  197S 

Seraaaort  40  houra  without  tlaap 

Taakst  Auditory  vigllanca,  addition,  word  namory 

Subjaetai  Young,  mala  voluntaara  from  tha  Naval  Hospital  Corps 
School 

Rasulest  Tha  subjacts  wara  laalntainad  on  a  60-mlnuta  traatmsnt  160 
olnuta  tasting  schadulafor  40  consacutlva  hours.  During  tha  traatnant 
phaaa,  10  aubjacta  blcyclad,  20  subjacta  controlled  EEC  activity  during 
bedrest,  and  10  subjacts  napped.  Tha  bodrast  group  showed  significant 
impairaant  on  all  eight  maasuras,  and  thus  gave  no  support  to  tha  forced 
rest  theory  of  the  sleep  function.  Tha  axarelsa  group  was  worse  tha.:  the 
nap  and  bedrast  group  for  all  maasuraa.  In  aplta  of  fragmented,  reduced 
a leap  (about  3.i  hours  par  24),  the  nap  group  had  no  impairment  on  6  of 
tha  maasuras.  The  authors  suggest,  that  axarelsa  Increasas  the  impairment 
dua  to  sleep  loaS,  and  naps  raduca  or  remove  this  impairment.  Badratit  Is 
not  a  aubatltuta  for  alaap. 
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Coeimtot  Noi  567 

Title  EFFECT  OF  SLEEP  DEPRIVAITON  OH  TOLERANCE  OF  PROLONGED 
EXERCISE 

Attfchbrt  Hirtiia,  B. 

ASioept  inditha  Unlvarilty,  Madleal  Bclcncaa  Program 
Data:  1981 

Straaaora:  Acuta,  losa  of  tlaap  (36  hra  without  alaap) 

Taokas  Traadmlil  walking 
Subjaeti:  8  aubjaeta 

Raaultas  During  prolonged  traadmlil  walking  at  about  80X  of  the 
VO2  max,  alaap  loaa  reduced  work  time  to  axhauation  by  an  avaraga  of 
IIZ.  Thia  dacraaaa  occurrad  daapita  doubling  monetary  incentives  for 
aubjaeta  during  work  af tar  alaaplaaanaaa.  Subjects  appsarad  to  fall  Into 
"raaiatant"  and  "auscaptlbla"  catagoriasi  four  showed  laas  than  a  ST 
change  In  parformanea  after  alaap  loaa  while  four  others  showed  decre¬ 
ments  in  axarelsa  tolerance  ranging  from  15  to  40X.  During  walk,  sleep 
loss  resulted  in  significantly  greater  perceived  exertion,  even  though 
exercise  heart  cate  and  metabolic  rate  were  unchanged. 

Findings  suggest  that  the  psychological  effects  of  acute  sleep  loss  may 
contribute  to  decreased  tolerance  of  prolonged  heavy  exercise.  Findings 
are  conslsteni:  with  those  of  another  study  by  Martin  (Martin  and  Gaddis, 
1981). 
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Document  No:  590 

Tltlt:  THE  EFFECT  OF  SLEEP  LOSS  ON  HIGH  INTENSITY  EXERCISE  AND 
RECOVERY 

Authors:  McMurrey,  R.,  end  Brown,  C. 

Agency:  University  of  North  Cacollns,  Human  Performance  Laboratory 
Dstsst  1984 

Tasks:  Csrdiovsseulsr  and  metabolic  responses,  of  subjects  during 
subasxlmal  exereleo  (80X  VO)  nax>  were  examined  after  24h  of  wakeful¬ 
ness.  Ixsrelse  bouts  Isited  20  mlnuces  In  run  on  motorlesd  treadmill, 
Interaperced  with  sloop  or  non-sleep  night. 

Subjects:  S  male  sub jeer a 

Results:  Tha  loss  of  one  sleep  cycla  does  not  alter  resting  physio¬ 
logical  responses  nor  does  it  attenuate  performance  of  20  minutes  of 
vigorous  exercise.  Exercise  ventilation,  heart  rate,  and  oxygen  uptake 
were  not  affected  by  sleep  loss.  However,  sleep  loss  caused  the  recovery 
vanellatlon  and  oxygen  uptake  to  remain  higher  than  normal  during  the 
slow  phase  of  recovery.  Blood  lactates  were  lower  at  the  end  of  exercise 
after  sleep  dtprlvatlon  and  remained  lower  during  the  recovery  period. 
Changes  In  plasma  volume  were  not  affected  by  sleep  loss. 

These  results  suggest  that  although  sleep  loss  may  not  overtly  affect 
acute  submaxlnal  exercise  performance,  It  attenuates  the  recovery 
process. 
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poe\ui«ut  Noi  278 

Title:  FISLD  STRESS:  A  PREUHlMARy  STUDY  OF  STRUCTURE,  MEASUREMENT, 

AMD  RELATIONSHIP  TO  COMBAT 

Author! :  MMlond,  Tor,  Egbert,  Robert  L.,  end  Miller,  Irwin 
AgeacFt  U,S.  Arny  Leadership,  Human  Reeeerch  Unit,  Ft.  Ord. 

Date:  1957 

Stressors:  Fatigue,  lack  of  sleep,  juap  from  tower,  fighting  oil 
firei),  ainulatad  threats  in  darkness,  diatractlon  by  cxploaivea,  electric 
shock,  simulated  perimeter  attack. 

Task:  Reaction  tine,  tapping  apeed,  l-hand  coordination 

Subjects:  148  personnel  in  Basic  Training  without  military 
experienne 

Results:  The  cancelling  C'a  test  (a  teot  of  perceptual  speed)  was 
administered  after  each  threatening  field  situation.  It  was  believed 
that  this  test  is  s  stress-sensitive  measure;  however,  the  test  failed  to 
produce  very  striking  or  very  informative  results. 
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Doeuaiot  Ho:  268 

Tltlo:  RBVIBW  OF  LITERATURE  OH  THE  EFFECTS  OF  SELECTED  HUMAN 
PERFORMANCE  VARIABLES  ON  COMBAT  PERFORMANCE 

Authors:  Miehsl,  Rsx  R.,  and  Solie,  Robsrt  E. 

Afsacy:  U.S.  Army  Rsissrch  Instltuts  for  ths  Bshsvloral  and  Social 
Sclancas 

Data:  1963 

Scrasssst  Radiation  lllnaas 
Combat  atrasa 
Fatlgua 

Taakat  Not  applleabla.  This  la  a  ravlaw  article.  The  intent  of  the 
ravlew  is  to  maka  modeling  racommaodatlona  in  support  of  the  Army's  Modal 
Improvamant  Program  (AMIP) 

Subjects:  Soldiers  In  combat 

Raaults:  3S  articles  and  books  on  the. problem  of  combat  stress  ware 
ravlawad.  observations  are  made  on  the  affects  of  intensity  of  combat, 
duration  of  combat,  type  of  combat,  type  of  unit,  unit  cohesion,  leader¬ 
ship,  personality  and  personal  history,  and  weather.  It  is  recommended 
that  AMIP  incorporate  combat  performance  degradation  caused  by  stress 
associated  with  combat  intensity,  combat  typo  (fluidity  of  conflict,  and 
degree  of  success  being  achieved)  and  combat  experience.  Combat  duration 
effects  should  be  considered  if  units  will  be  modeled  as  operating  con¬ 
tinually  in  combat  in  excess  of  S  days  without  replacements.  It  is 
stated  that  neither  the  exact  amount  of  performance  degradations  nor 
proof  of  the  nature  of  those  degradations  could  be  determined  from  the 
review.  Thue  informed  judgement  will  be  required  on  the  pert  of  those 
analysts  attempting  to  Include  the  influence  of  stress  effects  in  AMIP 
models  (page  34). 

60  publications  dealing  with  the  effects  of  fatigue  were  selected 
for  review  because  of  their  judged  relevance  to  the  military  problem. 
Little  experimental  work  was  found  dealing  with  the  influence  of  fatigue 
on  tactical  decision  making.  However  the  authors  state  that  performance 
on  more  complex  and  absorbing  tasks  is  more  resistant  to  sleep  deficit. 
Historical  avidence,  mostly  snectodal,  indicates  chat  muscular  fatigue, 
sleep  loss,  and  boredom  are  significant  problems  in  a  combat  environment, 
and  that  their  effects  are  exacerbated  by  fear,  physical  discomfort,  and 
heat  stress. 

"Because  of  the  task  and  slcuacion-apecifie  nature  of  fatigue  ef¬ 
fects  and  because  of  the  interaction  of  fatigue  with  environmental  stres¬ 
sors,  no  data  exist  which  would  allow  quantitative  specification  of  fati¬ 
gue  effects  in  an  aggregated  model  of  combat  performance  despite  a  wealth 
of  data  on  specific  tasks  in  non-combat  situations." 
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Only  qualitative  findings  ware  for  the  most  part  yielded  by  this 
literature  review  which  were  therefore  regarded  as  euggestlve  rather  than 
definitive  regarding  the  Impact  of  fatigue  on  the  performance  of  Indivi¬ 
dual  taska  being  performed  within  the  context  of  continuous  or  nearly 
continuous  combat  operations.  However,  because  of  the  lapse  hypothesis 
and  research  conducted  to  prove  or  disprove  Its  validity,  It  Is  stated 
that  enough  data  are  available  to  permit  what  are  described  as  gross 
predictions  regarding  the  Impact  of  fatigue  on  particular  kinds  of  combat 
activities.  Predictions  are  gross  in  the  sense  of  being  totally  qualita¬ 
tive,  l.e.,  the  Impact  on  particular  taska  was  specified  In  terms  of 
"small"  or  "large"  and  thus,  quantitative  baseline  performance  levels  and 
estimates  of  "small"  and  "large"  Impacts  muet  be  developed  before  predic¬ 
tions  will  be  of  any  great  value  for  modeling  purposes.  (Page  41-  42). 

These  estimates  of  "large"  and  "small"  were  made  for  a  number  of 
combat  modal  processes  using  a  classification  developed  by  VRl.  They 
Included,  but  were  not  limited  tot  maneuver  unit  combat,  artillery  fire, 
air  to  ground  attacks,  mobility,  counter  mobility,  and  survivability, 
communication,  maneuver  control,  fire  support  allocation,  resupply  and 
placement,  and  movement.  The  coding  reflected  predicted  degree  of  influ¬ 
ence  (large  or  small,  considering  the  lapse  hypothesis,  previous  data, 
and  possible  operational  consequences ;  also  taken  Into  account  was 
whether  the  activity  Is  self  paced  or  environmentally  paced  and  whether 
the  response  Is  "automatic"  or  "considered." 
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Document  No:  267 


Title:  '"VFECTS  OF  CONTINUOUS  WORK  AND  SLEEP  LOSS  ON  THE  RECOVERY  OF 
SUSTAINED  FERFORMANCR 

Authors:  Morgan  Jr.,  Ben  B.,  Coates,  Glynn  D.,  Brown,  Bill  R. ,  and 
Allulai,  Earl  L. 

Agency:  U.S.  Army,  Human  Engl.teerlng  Laboratory 
Date:  1973 

Stresoorat  Contlnuouf*  work  perioUa  of  36  and  44  hours 

Tacks:  Multiple  task  performance  battery  (3  watchkeeping  tasks,  3 
active  tasks  celatad  to  memory  functions,  sensory-perceptual  functions 
(target  identification)  and  procedural  functions  (node-lock  solving) 

Subjects:  12  male  college  or  uni varsity  students 

Results:  The  36  hour  continuous  work  period  was  associated  with 
decrements  of  I4>13%  in  performance  efficiency  while  the  44  hour  period 
resulted  in  a  decrement  of  about  22X.  Following  36  hours  of  continuous 
work,  two,  three,  and  four  hours  of  sleep  yielded  an  immediate  recovery 
in  performance  of  about  76Z,  S6Z,  and  7SX  respectively,  whereas  four 
hours  sleep  foUowing  44  hours  of  continuous  work  produced  only  39Z  im¬ 
mediate  recovery.  It  is  suggested  that  6-8  hours  is  the  minimum  amount 
of  sleep  required  for  the  recovery  of  performance  from  the  effects  of  36 
hours  of  continuous  work  and  sleep  loss. 
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Docuaact  No:  292 


Tit  If  EFFECTS  OF  CONTINUOUS  WORK  AND  SLEEP  LOSS  IN  THE  REDUCTION 
AND  RECOVERY  OP  WORK  EFFICIENCY 

Author :  Morgan  Jr . ,  Ban  B . 

Agency:  Parformanca  Raaaarch  Laboratory,  Unlvaraity  of  Loulsvllla 
Data:  1974 

Straaaorc:  36,  44,  and  48  houra  of  continuoua  work  and  sleep  loss 

Tasks:  Multiple  task  psrforaanea  battery  (Sea  Morgan  at  al.,  1973 
(No.  267)). 

Subjects:  10  male  subjects  assigned  to  two  craws  of  5  men  each 
(presumably  collage  students) 

Results:  36,  44,  and  48  hours  of  continuous  work  and  sleep  loss 
resulted  in  decrements  in  overall  work  efficiency  of  approximately  ISX, 
20X,  and  3SX  respectively.  Following  36  hours  of  continuous  work,  it  was 
found  that  12  houra  of  sleep  is  sufficient  for  complete  recovery  of  per¬ 
formance,  but  complete  recovery  is  not  provided  by  2  hours  (S8X  recovery) 
3  hours  (53X  recovery)  or  4  hours  (73y.  recovery)  of  sleep.  It  is  indi¬ 
cated  that  the  time  course  of  recovery  is  different  following  different 
durations  of  continuous  work  and  subsequent  sleep. 
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DoeuMQi  No:  221 


Title:  COMBAT  ENGINEER  EFFECTIVENESS  IN  SUSTAINED  OPERATIONS 
Authors:  Kyles,  U.  S.,  end  Ronunst,  T.T. 

Agche/:  Oefsoss  and  Civil  Inert tuts  of  Environmental  Medicine, 

Ontario,  Canada 

Date  1  1986 

Stressors:  Slacp  daprivation  for  up  to  69  hrs 

Heavy  physical  work  for  up  to  48  hra 
8  Km  march 

Fotmlog  a^tisee  ^failed  trees  across  road) 

Preparing  nine  fields 
Cratetint  (digging) 

Subjects:  Four  subjects  from  one  combat  engineering  regiment,  and  6 
from  another. 

Results:  The  combac  engineers  '^ere  able  to  complete  ell  the  tasks 
assigned  to  them  vithin  the  alloted  48  hours,  although  the  times  to  com¬ 
plete  ittdividual  tasks  increased  in  the  later  stages.  Sleep  loss  par  sc 
had  no  effect  on  self-paced  work  output  as  long  ss  the  soldiers  ware  not 
physically  fatigued.  However,  the  authors  suggest  that  even  troops  who 
receive  at  least  four  hours  of  dedicated  slaep  every  night  should  not  b« 
considered  immune  to  the  effects  of  sustained  operations.  If  the  20 
waking  hours  were  spent  in  prolonged  fatiguing  tasks,  self-paced  work 
output  may  still  decline. 


DocuiMnt  No:  305 


Title  THE  ROLE  OF  SLEEP  DEPRIVATION  RESEARCH  IN  HOMAN  FACTORS 
Atttbori:  Ntitohi  Paul  and  Townaand,  Richard  B. 

Aftaney:  Navy  Madlcal  Nauropayehlatrie  Raiaarch  Unit,  San  Slafo,  CA, 
and  Oape.  of  Paychology,  Duka  Univaraity.  Durban,  North  Carolina 

Data:  1970 

Strasaorst  Up  to  171  hours  of  alaap  dafleic. 

Subjaets:  Various  groups  of  subjacta,  not  daScribad.  Tha  Indapan- 
dant  rasults  from  four  aaparata  atudias  ara  dlaeuaaad. 

Rasttltai  In  ona  study,  aftar  78  hours  of  alaap  loss,  maan  visual 
raacclon  tlma  was  roughly  twlca  as  long  as  during  o  basallna  pariod . 
Visual,  auditory,  and  vibratory  vigllanca  tusks  shovad  tha  affauts  of 
slaap  dabt I  particularly  on  more  complex  and  tedious  tasks.  Sleep  debt 
producad  a  significant  Incraaaa  in  tha  nunbar  of  arrors  of  omiuBion. 
l.a.,  lapses,  in  all  vigilance  tasks,  indlcatitig  that  the  af facte  of 
slaap  loss  wars  net  specific  to  a  particular  sense  modality.  In  a  SO 
minute  continuous  counting  task  requiring  continuous  pressing  of  a  key¬ 
board  assembly,  subjects  spent  an  average  of  298  seconds  less  tlma  at  the 
task  after  one  night  of  slaap  loss  than  they  did  in  a  baseline  pariod 
(only  tha  first  30  minutes  of  the  record  were  analyzed;). 

''Surprisingly  good"  tracking  performance  during  a  period  of  up  to 
171  hours  of  sleep  deprivation  was  shown  until  sleep  lose  reaches  99 
hours  or  more.  (The  cracking  cask  was  of  1  minute's  duration  on  each  of 
several  pre-selected  forcing  function  frequencies.  The  total  task  tlma 
is  not  reported,  but  apparently  was  very  short). 
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Docuaont  ifo:  101 


Titltt:  EXTENDED  HUMAN  EFFECTIVENESS  DURING  SUSTAINED  OPERATIONS 
THROUGH  SLEEP  MANAGEMENT 

Autbori:  Naltoh,  P.,  England,  C.  E.,  and  Rpman,  D.H. 

Agtacp;  Naval  Uaalth  Rasaarch  Caotar,  San  Dlago,  CA 
Datat  ISej 

Etrataara:  Two  20-hour  parloda  of  contlnuoua  work  with  alehar  0,  3, 
or  8  hours  of  alaap  in  batwaan.  Subjaeta  workad  phyaieally  at  30-40X  of 
Chair  maximal  aaroble  ability  vhila  parforming  various  manral  tasks 

Subjaeta t  22  Marina  Raconnalaaanca  voluacaara 

Rasultsi  Physical  work,  in  eoncarc  with  slaap  daprivatlon  and  eon- 
Clnuoua  Work,  did  not  produca  aithar  atatlatlcally  significant  Improva- 
manta:or  graatar  degradation  of  cogniCiva  and  physical  task  parformanca 
in  eompariaon  with  slaap  daprivatlon  alona.  Whan  Chora  was  no  slaap 
batwaan  the  first  continuous  work  period  and  tha  second,  all  cognitive 
performance  tests  showed  significant  decramants.  Tasks  included  visual 
vigilance,  simple  reaction  time,  logical  raaaonlng,  4-choiea  sarlal  re* 
action  time,  auditory  word  memory,  visual  memory,  and  reading  casts.  A 
3-hour  nap  takan  between  0400  and  0700  was  rastorstiva  of  performance  on 
soma  Casks  but  not  others. 

A  three  paramatar  slaap  logistica  modal  is  suggested  for  tha  pre¬ 
diction  of  performance  during  continuous  work  periods.  Tha  three  para- 
metars  are:  (1)  duration  of  tha  continuous  work  period;  (2)  duration  of 
tha  nap:  and  (3)  time  of  day  whan  the  nap  is  taken.  The  authors  state 
chat  with  this  modal  the  need  for  sleep  among  military  personnel  could  be 
balanced  against  tha  need  for  affective  manpower  to  maintain  military 
oparswlons  for  a  successful  outcome.  Application  of  the  modal  showed 
that  a  2-hour  nap  taken  between  0400  and  0600  after  20  hours  of  con¬ 
tinuous  work  is  ascimaCad  to  extend  human  eff ectivaness  by  4  hours  beyond 
the  normally  expected  time  range,  and  a  4-hour  nap  by  12  hours. 


B-55 


Documdc  No:  52A 


Tic It:  WORK  PRACTIVES  GUIDE  FOR  MAUNAL  LIFTING 

Author:  Ntclontl  Inteieuct  for  Oecuptclontl  Saftcy  and  Htalch 

Agtney:  US  Dtpartiatnt  of  Htalch  and  Huoan  Strvicaa, 

Data:  1981 

Tatkti  Tht  Guldt  tutnzaatltti  a  rich  body  of  rtttarch  and  pctttnta 
rtcoruBtndatloat  Co  control  eht  variout  typtt  of  hacacda  aaaoelatad  vith 
eht  unaldtd  tcC  of  tyianttrlc  (evo-handtd)  lifting  of  an  objtct  of  known 
wtighc  and  list.  Quantltativt  rtconmtndationa  rtgardlng  tht  taft  load 
wiight,  list  I  location  and  frtqutncy  of  handling  art  prtatntad. 

RttulCi:  For  tha  purpott  of  Cht  Guldt,  a  lifting  task  it  contidartd 
to  bt  the  act  of  nanually  grasping  and  raising  an  objact  of  dtfinablt 
■Izt  without  ntchanical  aids  (i.t.,  holaca,  convtyors,  block  and  cackla, 
ttc.).  Tht  Ciat  duration  of  such  an  act  is  normally  less  Chan  two 
stconds,  and  thus  lictls  sustainad  axartion  is  ctqulrtd  (as  oppostd  to 
holding  or  carrying  activiCits).  The  lifting  limits  art  Inttndad  to 
apply  only  for: 

a.  smooth  lifting 

b.  two-handad,  syornttric  lifting  in  tht  sagglcal  plant  (directly 
in  front  of  the  body,  no  twisting  during  lift) 

c.  moderate  width,  e.g.,  75  cm  or  lass 

d.  unrestricted  lifting  postura 

a.  good  couplings  (handles,  shots,  floor  surface) 

f.  favorable  ambient  environments. 

Tha  primary  Cask  variables  Include: 

1.  Object  weight  (L)  -  measured  iu  kilograms 

2.  Horizontal  location  (H)  -  of  the  hands  at  origin  of  lift  mea~ 
surad  forward  of  the  body  centerline  or  midpoint  between  ankles 
(in  ctntlmtctrs). 

3.  Vertical  location  (V)  •  of  the  hands  at  origin  of  lift  measured 
from  floor  Itval  in  ctncimectrt. 

4.  Vertical  travel  distance  (D)  -  from  origin  to  deetlnation  of 
lift  in  eenclmtCert. 

5.  Frequency  of  lifting  (F)  -  average  number  of  lifts  per  minute. 

6.  Duration  or  period  -  assumed  to  be  occasional  (less  chan  one 
hour)  or  continuous  (8  hours). 
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Two  limits  are  provided  based  on  epidemiological,  biomechanical,  physio¬ 
logical,  and  psychophysical  criteria. 

1.  Maximum  Permissible  Limit  (MPL) 

This  limit  Is  defined  to  best  meet  the  four  criteria: 

a.  Musculoskeletal  injury  rates  and  severity  rates  have  been 
shown  to  increase  significantly  in  populations  when  work 
is  performed  above  the  MPL. 

b.  Biomechanical  compression  forces  on  the  Lj/S^  disc  are 
not  tolerable  over  650  kg  in  most  workers.  This  would 
result  from  conditions  above  the  MPL. 

c.  Metabolic  rates  would  exceed  5.0  kcal/mlnute  for  moat 
individuals  working  above  the  MPL. 

d.  Only  about  25%  of  men  and  less  than  IX  of  woman  workers 
have  the  muscle  strengths  to  be  capable  of  performing  work 
above  the  MPL. 

2.  Action  Limits  (AL) 

The  large  variability  in  capacities  between  individuals  In  the 

population  indlcatse  the  need  for  administrative  controls  when 

conditions  exceed  this  limit  based  on: 

a.  Musculoskeletal  injury  incidence  and  severity  rates  in¬ 
crease  moderately  in  populations  exposed  to  lifting  con¬ 
ditions  described  by  the  AL. 

b.  A  350  kg  compression  force  on  the  L5/SX  disc  can  be 
tolsrsted  by  most  young,  healthy  workers.  Such  forces 
would  be  crested  by  cocdltions  described  by  the  AL. 

c.  Metabolic  rates  would  exceed  3.5  for  most  Individuals 
working  above  the  AL. 

d.  Over  75Z  of  women  end  over  99X  of  men  could  lift  loads 
described  by  the  AL. 

The  guideline  Is  in  the  following  algebraic  form  in  metric  units: 

AL  (Kg)  ■  40(15/H)  (l-.004|v-75|)  (.7+7.5/D)  (1-F/Fn,x) 

MPL  -  3  (AL) 

where  H  ■  horlsontal  location  (centimeters)  forward  of  midpoint 
between  ankles  at  origin  of  lift 

V  -  vertical  location  (centimeters)  st  origin  of  lift 
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D  >  v«rtlcal  craval  diatanca  (ceatimetars)  between  origin 
and  destination  of  lift 

F  ■  average  frequency  of  lift  (Ilf ts/mlnuta) 

^max  ”  frequency  which  can  be  auatalned 

Theta  varlabiai  are  ataumad  to  have  the  following  llmlta. 

1.  H  la  between  15  cm  and  80  cm.  Objeeta  cannot.  In  general,  be 
cloaer  than  lb  cm  (6  In)  without  Interfarenca  with  the  body, 
Objacta  further  than  80  cm  cannot  be  reached  by  many  people. 

2.  V  la  aaaumed  between  0  cm  and  175  cm  repreaentlng  the  range  of 
vertical  reach  for  moat  people. 

3.  D  la  assumed  between  25  cm  and  (200-V)  cm.  For  travel  lear 
than  25  cm,  set  0  •  25. 

4.  F  la  assumed  between  .2  (one  lift  every  5  minutes)  and 

Pmax‘  lifting  less  frequently  than  once  per  5 

minutes,  set  F  >  0. 

The  Guide  does  not  address  all  MMH  activities.  Its  primary  focus  la  on 
lifting  compact  loads  with  both  hands.  For  such  work,  It  reprasants  the 
current  state  of  the  art  In  risk  control,  and  presents  a  useful  starting 
point  to  deal  with  complex  problems  presented  by  other  manual  materials 
handling  tasks. 
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DoeuiMnt  !>ot  199 


Title  THE  EFFECTS  OF  ACUTE  SLEEP  DEPRIVATION  ON  SELECTIVE 
ATTENTION 

Authors  NortoQ,  Royou 

AgAneyi  Oopartmoat  of  Clinical  Payehology,  Klog^aac  Hospital, 

Navnachar,  Abacdaanshlra ,  U.K. 

Data  I  1970 

Etroasocst  No  slaap  for  96  hours 

Ettbjaetes  16  univarslty  studanes,  6  nalas  and  8  fanalas 

Rasultat  Parfomanca  was  oaasurad  on  a  card  sorting  cash,  whars  the 
cards  had  various  aaounts  of  irrelevant  information  that  had  to  be  dis~ 
criminated  (ignored).  It  was  shown  that  whan  the  task  included  irrele¬ 
vant  information  performance  deteriorated  moraj  after  sleep  less  than  it 
did  on  the  same  task  without  irralevant  information  present.  The  author 
suggested  chat  sleep  plays  an  important  part  in  maintaining  selective 
attention  and  the  symptoms  shown  by  sleep  deprived  subjects  are  largely 
due  to  a  failure  in  selective  attention.  The  author  feels  chat  a  break¬ 
down  in  the  selective  function  of  attention  is  an  important  factor  in 
deterioration  due  to  sleep  deprivation  and  could  in  fact  account  for  a 
large  proportion  of  the  deterioration  caused  by  sleep  deprivation. 


Doeuatnt  No:  168 


Title:  KBSBARCH  ON  BEHAVIOR  XMFAlRIffiNT  DUE  TO  STRESS:  AN  EXPERIMENT 
IN  LONG-TERM  PERFORMANCE 

Author:  Orr,  David  B. 

AgeacF:  Amarlcan  Instltutaa  for  Raiaarch,  Washington,  DC 
Data:  1964 

Straaaora:  21  hours  eonclnuoua  parfomanca  in  an  aircrew  aiaulator 

Tasks:  Complex  aya-linb  coordination 

Problaa  solving 
Estimating  elotura  rates 
Vigllanca 

Subjects:  Two  Air  Force  reserve  officer  training  corps  students 

Results:  Major  performance  decrements  occurred  for  most  of  the 
tasks.  Steep  drop  offs  In  vigilance  tank  performance  after  10  hours. 
Progressive  deterioration  In  directional  control  and  complex 
coordination. 


DocumtnC  No:  495 

In  Salvsndy,  Gavrlel  and  Smith,  M.J.  (Edp.)  Machine  Pacing  and 
Occupational  Straaa,  Taylor  and  Francaa,  Ltd.,  London,  1981. 

Tit la:  THE  MECHANISM  OF  MENTAL  FaTlGUE 

Author:  Oihlma,  Maaaaltsu 

AtancF:  Madlcal  Information  Syatam  Davalopmant  Cantor,  Akaaaha, 
Mlnato-Ku,  Tokyo,  Japan.  1981. 

Data:  1981 

Straaaors:  Continuous  work;  aavaral  dlffarant  ttudlaa. 

Subjaeta:  9  truck  drlvart,  4  undaacribad,  1  offlca  workar, 
undaacrtbad  mmbar  of  blcycllsta,  12  watarpowar  workers. 

Tanka:  Various.  Truck  driving,  riding  mocorblka  or  bicycle. 

Raaultt:  This  la  a  sucimary  of  aevcral  studiaa  conductad  by  tha 
author.  Data  ara  praaantad  indicating  that  critical  flicker  frequency 
(CFF),  the  frequency  at  which  an  intarnittant  light  appears  to  be  a 
steady  beam,  daclinas  as  a  function  of  tha  length  of  time  working.  The 
author  considers  CFF  to  be  a  direct  index  of  mental  fatigue.  No  other 
research  is  cited  by  the  author  to  support  this  assertion. 

Research  by  others  (e.g.,  Grand  Jean,  at  al.  1977)  has  shown  that 
trends  in  CFF  with  work  time  depend  on  the  nature  of  the  task  being  per¬ 
formed  and,  most  particularly,  the  mental  load  involved.  It  should  be 
cautioned,  thsrafore,  that  models  such  as  the  HOS-IV  mental  fatigue  model 
developed  for  the  Amy  Research  Institute,  which  is  described  as  re¬ 
flecting  the  work  of  Oshima  in  particular,  may  Involve  an  inappropriate 
generalisation  to  many  Army  task  eituations. 
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DocuiMOt  No:  442 


Tltlo:  THt  PSYCHOLOGICAL  EFFECTS  OP  205  HOURS  OF  SLEEP  OEl^RIVATION 

Authors:  Psinsu,  Roburt  0..  Nsltoh,  Fsul,  Stlsr,  Ssrana,  and  Kollar, 
Edward  J, 

A|aaey:  NauropsYchlatrlc  Instituta,  School  of  Madlcina,  Unlvarslcy 
of  Callforala,  Los  Angelas 

Data:  1968 

Straasor:  205  hours  without  slaap 

Tasks:  Slollarltlas  sad  Logical  Puatlae  Tasta;  Short  taro  namory 
tast;  iQtaractlon  test  (group  problam  aolving  without  varbal  coomual- 
catlon);  Vlsual*Motor  tracking  task 

Subjaets:  4  healthy  young  males 

Results:  Reading  was  Impossible  after  the  3rd  day.  The  hours  be¬ 
tween  2  AM  and  6  AM  ware  axtramaly  difficult.  After  the  4th  day  each 
subject  developed  doubts  about  the  others'  capability  to  continue.  The 
5th  day  aaw  a  "turning  point"  where  subjects  seemed  to  reach  the  bottom 
of  their  coping  abilities  and  then  laval  off  or  even  improve  somewhat. 

Sleep  deprivation  evidenced  itself  In  disruption  of  group  coheslve- 
nesa,  increased  irritability  and  anger,  marked  increase  in  misperceptions 
and  illusions.  Brief  intrusions  of  sleep  with  the  eyes  open  occurred, 
followed  by  abrupt  return  to  alertneae.  Great  difficulty  was  experienced 
in  keeping  eubjects  awake  starting  on  the  4th  and  Sth  days.  Regressive 
(infantile}  behavior  occurred  during  the  last  3  days,  including  one 
emotional  brsakdown, 

The  tracking  task  showed  only  modest  deterioration  for  the  first  4 
days,  followed  by  marked  increase  in  errors  on  Sth  and  6ch  days.  At  200 
hours  even  the  simplest  tracking  tusk  was  Impossible. 

The  tests  of  thought  processing  (pussies  and  similarities)  showed  no 
deterioration  until  after  150  hours  of  sleep  deprivation  when  there  was  a 
shift  toward  "more  childlike"  levels  of  cognition.  There  was  no  change 
in  short  term  memory  scores  between  100  and  200  hours  of  sleep  depriva¬ 
tion,  when  there  was  a  ehaep  drop  in  correct  responses.  (Unfortunately, 
this  teat  wss  not  started  until  after  100  hours  of  sleep  deprivation  had 
been  experienced).  Group  problem  solving  at  the  and  of  this  experiment 
was  at  the  seme  level  as  at  50  hours  except  for  Incroeeed  time  per  trial. 
We  are  not  told  how  the  group  performed  when  fresh. 

Measures  of  "visual  oiisperception",  temporal  disorientation,  and 
cognitive  disorganisation  Increaeed  steadily  from  about  the  60th  hour  to 
the  180th  hour,  after  which  no  date  are  presented. 

It  ia  unfortunate  that  this  remarkable  study  did  not  employ  a  secies 
of  operationally  meaningful  performance  taeks,  given  frequently  through¬ 
out  the  experiment 
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Doeuatat  No:  235 


TitUi  FATIGUE  STRESSORS  IN  SIMULATED  LONG-DURATION  FLIGHT.  EFFECTS 
ON  PERFORMANCE,  INFORMATION  PROCESSING,  SUBJECTIVE  FATIGUE,  AND 
PHYSIOLOGICAL  COST 

Author:  Portlli,  Layno  P. 

Aganey:  U.S.A.P.  School  of  Aarotpaca  Madlelaa 

Data:  1960 

Straaaora:  Two  4.5  hour  fllghta  par  day;  12  hoer  duty  days  for  4 
conaacutlva  daya 

Taaka:  Flying  a  link  tralnar 

Dlaerata  Information  procaaalng  (S-eholca  adaptlva  reaction 
tlma  taak) 

Subjacta:  24  airman 

Raaulta:  All  maaauraa  of  flight  parformanea  ahowad  algnlflcant  fati¬ 
gue  af facta,  and  thara  ware  circadian  affacta  aa  wall.  Tha  thraahold  for 
information  procaaalng  incraaaad  with  fatigue.  Tha  fatigue  effects  were 
aaen  even  though  all  aubjacta  apparently  got  a  reaaonabla  amount  of 
sleep,  l.a.,  tha  aehadule  parmittad  considerably  more  sleep  than  would 
continuous  operations. 
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DocuBtat  No:  447 


litlo;  FATIGUE  IN  SUSTAINED  TACTICAL  OPERATIONS 

Author:.  Poctretn,  Ptr.or  B. 

Agcaep:  The  George  Weshlngton  UnlvcrelCy 
Date:  1972 

Streseoret  Ml.litery  Operetlone  In  Vleenan 

Task:  Not  applicable.  Soldlere  completed  a  questionnaire  meaauring 
baeic  beliefs,  activity  preferences,  peraonal  velues,  and  behavioral 
styles.  This  was  drne  while  in  a  combat  eavlronment  and  again,  later, 
after  return  to  U.S. 

Subjects:  Two  large  groups  of  enlisted  infantrymen  assigned  to  rifle 
companies  in  Vietnam 

Results:  Several  significant  shifts  in  attitudes  of  infantrymen  from 
thoee  held  in  Vietnam  to  those  held  after  return  to  U.S.  were  identified, 

The  author  makes  frequent  reference  to  the  importance  of  fatigue  in 
sustained  cactical  operations,  He  wuggeats  (without  date)  several 
leadership  techniques  for  coping  with  fatigue  in  combat.  In  all,  the 
data  and  procedures  used  in  this  study  have  little,  if  anything,  to  do 
with  its  title  or  its  Executive  Summary.  Unfortunately,  there  is  nu 
connection  made  between  the  attitude  measures  taken  and  any  assessment  of 
the  fatigue  or  the  performance  of  the  soldiers. 
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Docuaeac  No:  570 

Tltlo:  ^<ETAB0UC  MEASURES  TO  ASCERTAIN  THE  OPTIMAL  LOAD  TO  BE 
CARRIED  BY  MAN 

Authors:  picrryaowsicl,  M.,  Ulater,  D.,  and  Norman,  R. 

Agancy:  Unlv'^rslty  of  Uatarloo,  Dep.ucmanC  of  Kfneti^logy  for 
Dafaasa  and  Civil  Inscltuta  of  Eavlronnencal  Madlcine 

Data:  1981 

HypoChaats:  Cytinum  load  dapands  on  whacher  the  subjects  are  given 
credit  for  carrying  only  tha  load,  for  carrying  their  body  mass  plus  the 
load,  or  given  only  parcial  credit  for  carrying  their  ovm  body  mass. 

Stressors:  Six  loads  <0.0,  15.16,  19.30,  72.65,  28.53,  and  33.85  leg) 
were  examined.  The  load  device  was  a  conventional  frame  and  hip  bell. 
Subjectfl  were  required  to  stand  still,  holding  the  external  load  for  12 
minutes,  and  then  required  to  walk  on  a  treadmill  at  a  fixed  velocity  for 
12  minutes/load,  with  10  minute  rest  periods. 

Tasks;  Treadmill  walk  at  fixed  pace  with  and  without  load. 

Subjects:  Six  healthy  male  university  subjects. 

Results:  If  the  load  were  body  plus  backpack,  the  optimal  backpack 
load  was  found  to  be  less  than  10  kg  because  the  metabolic  cost  increased 
rapidly  at  low  loade.  If  the  carrier's  mass  <72  kg  walking  at  5.54  mph) 
was  ignored  there  might  be  an  optimum  load  at  40  kg  or  higher.  Giving 
partial  credit  for  carrying  body  weight  resulted  in  an  optimum  load  of 
about  17  kg.  The  percentage  credit  given  to  the  body  mas^  itself  depends 
on  how  important  it  la  that  the  carrier  does  not  sirlve  fatigued  at  his 
destination.  The  military  may  wish  to  give  lOOZ. 
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Document  No:  304 


Title:  PHYSICAL  FITNESS  AS  A  MODERATOR  OF  COGNITIVE  WORK  CAPACIH 
AND  FATIGUE  ONSET  UNDER  SUSTAINED  COMSAT>LIKE  OPERATIONS 

Authete:  Pleben,  R.J.,  Thomee ,  D.A. ,  end  Thompeon,  U.L. 

Agency:  U.S.  Army  Reeeerch  Instituee,  Ft.  Bennlng,  GA  end  U.S.  Army 
Commend  end  Generel  Steff  College,  Ft.  Leevenworth,  KS 

Dete:  1983 

Streeeoret  2  deyc  of  perticlpetion  In  petrol  mlteione ,  end  conduc** 
ting  relde  end  ambuehee.  Sleep  limited  to  epproximiitely  2  boure. 

Subjects:  Applicente  for  Renger  treining 

Results:  Cognitive  performance  wee  eeeeeaed  using  three  paper  end 
pencil  tests:  (1)  logical  reeeoning  test;  (2)  map  plotting  test;  end 
(3)  encoding-decoding  test.  Fitness  was  assessed  on  the  basis  of  a  com¬ 
posite  score  on  five  indices:  chin  ups;  push  ups;  alt  ups;  2-mlle  run, 
end  pulse  rate  during  the  Harvard  step  teat.  Evidence  of  a  positive 
effect  of  fitness  on  cognitive  work  was  strongest  in  the  encoding- 
decuding  task  where  the  authors  conclude  that  fitness  began  to  assert  e 
beneficial  influence  when  the  cognitive  task  or  activity  was  relatively 
sustained  in  nature  (six  minutes  or  longer)  end  as  the  cumulative  effects 
of  sleep  loss  and  other  stressors  began  to  mount.  However  fitness  did 
not  significantly  enhance  the  recovery  process  with  respect  to  cognitive 
work  capacity,  and  actually  appeared  to  hinder  recovery  from  fatigue  in 
this  respect. 
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Doeunaot  No:  261 


Titlt:  THE  EFFECTS  OF  SLEEP  DEPRIVATION  ON  PERFORMANCE  IN  A 
SIMULATED  COMMUNICATION  TASK 

Author:  SclMin,  Edgar  U. 

Ag«QCF:  Wai;.«c  Raad  Army  laatltuta  cf  Rasaareh 
Data:  1957 

Straaaora:  5 5-70  houra  of  alaap  lors 

Subjaeta:  20  voluntaars  from  a  madleal  raaaarch  unit,  not  otharwlae 
dascrlbad.  Siaca  tha  group  vaa  fulfilling  Its  military  obligation  by 
voluntaaring  for  madleal  raaeurch  atudlaa,  it  was  eonaldarad  to  be  com- 
poaad  of  vary  highly  motivated  individuals. 

Rasulta:  Ferformanca  was  measured  on  ability  to  racaive  and  cend 
complex  instructional  which  were  thought  to  Involve  functions  of  im¬ 
portance  in  real  life  situations  like  combat.  The  subjects  were  required 
tc  discover  a  correct  pattern  (layout)  of  domino-llka  pieces  aolaly  on 
the  basis  of  received  (or  sent)  verbal  Instructions.  The  data  suggested 
that  the  subjects  were  continuing  to  learn  this  task  despite  some  perfor¬ 
mance  dectements  during  extended  periods  without  sleep.  The  decrement  in 
receiving  was  significant  but  the  decrement  in  sending  was  not.  (IIZ  vs. 
71  and  61).  Tha  tine  required  by  subjects  to  send  tVielr  Instructions 
showed  a  progressive  increase  during  the  experimental  condition,  being 
261  and  331  longer  chan  during  the  pre-deprivation  period.  After  70 
hours  of  sleep  loss,  subjects  found  it  necessary  to  correct  1701  and  1271 
more  errors  chan  in  the  pre-deprivation  period. 

The  author  felt  that  the  amount  of  dactoment  shown  during  rileep 
deprivation  wa;<  surprisingly  small  and  noted  that  even  after  55  hours 
without  sleep,  S}me  eubjectu  performed  almost  at  their  pre-deprivation 
level.  However,  the  subjects  were  tested  only  twice  during  the  entire 
deprivation  period,  and  Cask  learning  may  well  hav«:  been  a  factor.  Test 
durations  were  not  stated  but  involved  only  10  problems,  which  probably 
accounts  for  the  relatively  small,  though  significant  increases  in 
errors.  The  author  concluded  that  ^terforvance  begins  to  decline  at  55 
hours  without  sleep,  but  it  should  be  noted  that  no  performance  measures 
were  taken  prior  to  the  55  hour  point  an  the  experiment. 
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DoeuMat  No:  S39 


Title  THE  EFFECTS  OF  HEAT  STRESS  CN  MANUAL  HANULING  TASKS 
Authors:  SaooR,  S.  and  Clrisllo,  V. 

AgsucF:  Llbsrty  Mutual  Insurance,  Co. 

Date:  1974 

Stressors:  Tasks  were  performed  in  a  moderate  'mvlronment  (UBGT  of 
17.2  degrees  C  and  in  a  hot  environment  (27  degrees  C).  Subjects  re¬ 
ceived  one  3hr,  lOmin  exposure  per  week,  with  test  sessions  conducted  in 
the  morning  on  weekdays. 

A  psychophysical  methodology  was  used  whereby  the  workers  controlled 
their  own  work  load  by  adjusting  the  frequency  of  Che  task  or  the  weight 
of  the  object  being  handled. 

Tasks:  Workers  performed  three  basic  manual  material  handling  tasks 
-  lifting,  pushing,  and  carrying. 

Subjects:  16  male  industrial  workers,  unacclimatised  to  heat. 

Results:  The  hoc  environment  significantly  reduced  work  load,  signi¬ 
ficantly  increased  heart  rate,  and  significantly  increased  rectal  temper¬ 
ature  for  all  three  casks  (lift,  pull,  and  carry).  Work  load  was  reduced 
by  202  for  lifting,  162  for  pushing,  and  112  for  carrying.  Heart  rate 
responded  with  a  conoistenc  rite  for  all  three  casks.  Energy  expenditure 
was  also  lower  in  the  hot  environment,  but  the  decrease  was  significant 
for  lifting  and  pushing  only. 

When  unacclimoCised  man  manually  handled  materials  at  a  self-pace,  he 
compensated  for  increases  in  heat  stress  by  reducing  his  work  load.  The 
amount  of  reduction  in  work  load  appeared  to  vary  depending  on  the  levels 
of  heart  rate  and  rectal  temperature. 
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Doeuatat  Not  518 

Titlo:  MAXIMUM  FREQUENCY  OF  LIFT  ACCEPTABLE  TO  MALE  INDUSTRIAL 
WORKERS 

Authors:  Snook,  S.  H.,  and  Irvins,  C.  H. 

Aisneyt  Libor ty  Mutual  Inauranea,  Co. 

Datot  1968 

Stroaaorst  Ropotltlvo  lifting  ovar  a  rang#  cf  tots  box  walghta  and 
halghta.  Walghta  of  35  and  SO  lb;  lift  halght  of  floor  laval  to  knuckla 
halght,  knuckla  halght  to  shoulder  halght,  and  ahouldar  halght  to  arm 
reach.  Actual  axparlmantal  trial  ran  1  hour,  and  waa  rapllcatad  3  times 
with  IS  minute  breaks  batvaan  aasalons. 

Task:  Lift  tote  box  to  simulate  rapatltlva  lifting  ovar  an  8  hour 
day. 

Subjacts:  8  healthy,  conditioned  males  from  local  Industry. 

Results;  Significant  dlffacaAces  existed  In  workload  (foot-pounds 
par  minute)  among  the  throe  heights  and  two  weights.  Workload  guidelines 
are  given  for  10,  25,  50,  75,  and  90Z  of  the  healthy  male  industrial 
population  for  lifting  at  the  three  heights.  For  90Z  of  the  population, 
at  object  weights  from  35  to  50  lbs,  the  workload  at  the  low  lift  is 
below  200  ft-lb/oin;  at  mid  height,  the  workload  is  roughly  300  ft- 
Ib/min;  at  the  upper  height,  the  workload  is  about  250  ft-lb/mln. 
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DocumtaC  No:  574 


TiCltt  ENERGY  COST  OF  LOADS  CARRIED  ON  THE  HEAD,  HANDS,  OR  FEET 
Autbori:  Souls,  R.,  and  Goldman,  R. 

Aganey:  US  Army  Rasaarch  Insticuca  of  Envlronmantal  Madicina, 

Natick,  MA 

Data:  1969 

Straaaors!  Traadmlll  walking  for  20  mlnutaa,  at  3  apaada,  with 
load. 

Subjaeta:  10  voluntsar  aubjacta 
Taaka:  Marching  with  load. 

Raaulte:  Load  location  algnif icantly  affactad  the  resulting  energy 
coat,  expressed  per  kilogram  of  total  weight  (man-«-clothing-«>load) . 

The  cost  per  kg  of  weight  carried  on  the  head  was  1.2  times  the 
expected  coat  per  kg  of  the  no  load  condition  at  all  speeds. 

The  coat  for  carrying  load  in  the  hands  Increases  as  the  speed 
increased,  by  1.9  times  the  no  load  cost  at  S.6  km/hr  over  the  4  and  7  kg 
loads.  At  slower  speeds  the  cost  for  the  7  kg  load  was  also  1.9  times 
the  no  load  cost. 

The  cost  per  kg  of  load  carried  on  the  feet  (e.g.,  due  to  spike- 
prooc  boots,  weighted  inneraoles,  etc.)  was  4.2  times  the  no  load  cost 
per  kg  at  4.0  km/hr,  5.8  times  at  4.8  km/hr  and  6.3  at  5.6  km/hr.  This 
could  prove  to  be  rate  limiting.  At  6  kg  load,  the  energy  costs  were 
close  to  maximum  V02. 
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DocuacDt  No:  571 


Tltlt:  ENERGY  EXPENDITURE  OF  HEAVY  LOAD  CARRIAGE 

Authori:  Soul*,  R.,  Fandolf,  K.  and  Goldman,  R. 

AgaacT:  US  Army  Raaoarch  laatlcut*  of  Eavironmantal  Medlcin*, 

NaticR,  MA 

Data:  1978 

Straaaorai  Loada  rangad  to  50  kg  in  tha  first  study,  earrlad  for  20 
mlautas.  Loads  la  sacood  study  vara  haavlar,  fit  to  tha  physical  limits 
of  tha  subjact,  and  war*  earriad  for  longar  parlods.  Up  to  30  kg  was 
placad  avanly  around  tha  waist  In  pouchas  oa  a  standard  wab  belt. 

Tasks:  Traadmlll  walking,  with  load,  at  rang*  of  spasds. 

Subjaets:  24  subjects  over  two  studias. 

Rasults:  Aftar  deducting  tha  individual's  no  load  cost,  the  result¬ 
ing  net  energy  axpanditur*  for  carrying  the  loads  was  generally  constant 
at  each  speed,  i.a.,  loads  from  35  to  70b  kg  showed  no  statistical  dif¬ 
ferences  In  energy  expenditure  per  kg  at  3.2  and  4.8  km/hr.  At  6.4  km/hr 
carrying  70  kg  tha  avarage  measured  cost  per  kg  was  statistically  dif¬ 
ferent  than  carrying  35  kg  at  this  spaed.  Subjects  ware  working  at 
greater  than  902  of  their  maximal  VO2  carrying  70  kg.  The  general 
constancy  of  maasured  energy  axpanditur*  per  kg  for  loads  even  up  to  70 
kg  probably  depends  on  the  condition  that  the  load  is  wall  balanced  and 
close  to  the  canter  of  the  body.  Higher  costs  are  associated  with  loads 
in  unbalanced  positions.  Thus,  the  limitations  commonly  encountarad  in 
load  carrying  capacity  may  arise  from  poor  positioning  of  the  load  rather 
than  from  the  weight  of  the  load  per  ae. 
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Doeua«at  No:  324 


Title:  THE  FIELD  ARTILUERY  FIRE  DIRECTION  CENTER  AS  A  LABORATORY  AND 
FIELD-STRESS  PERFORMANCE  MODEL  (IN  ACARD  CONFERENCE  PROCEEDINGS.  NO. 

180) 

Authors  I  Stokes.  J.W..  Beaderet.  L.E..  Vrancesconl.  R.P..  Cymerman. 

A.  and  Saapaon.  J.B. 

Agency:  U.S.  Army  Institute  of  Environmental  Medicine.  Natick. 

Maas. 

Date:  1976 

Streaeora:  Dlarupted  sleep-rest  schedules;  hl;(h  altitude  conditions 
(achieved  using  hyperbaric  chambar);  48-bours  of  continuous  performance 

Subjects:  6  volunteers  from  a  lOSmm  howitzer  battery  of  an  elite 
Amy  Airborne  Unit 

Tasks:  All  casks  associated  with  the  field  Fire  Direction  Center 
(FDC)  using  raalietlc  combet  scenarios 

Results:  (Authors'  summary):  The  Sman  fire  direction  center  (FDC), 
common  to  all  Field  Artillery  batterlea.  was  chosen  for  study  In  the 
laboratory  and  field  to  evaluate  the  Impact  of  environmental  and  situa¬ 
tional  stresa  on  the  complax  performance  of  highly  trained  and  motivated 
individuals  working  together  as  a  team.  The  working  environment  of  a 
field  FDC  was  simulated  within  a  hypobaric  chamber  and  a  volunteer  FDC 
team  from  an  elite  U.S.  Army  unit  wee  tested  using  realistic  matched 
"combat"  scenerlos.  To  minimize  practice  effects,  the  team  was  initially 
given  26  h  of  "Intensified  training"  (ITS).  The  team  was  then  tested 
single-blinded  as  to  Che  eltitude  condition  for  48  hours  at  both  427  m 
(control)  and  4242  m;  the  team  rested  22  h  between  ITS  and  control  and  48 
h  between  control  and  the  high  altitude  conditions.  Mission  performance 
during  ITS  and  control  was  sensitive  to  disrupted  sleep-rest  cycles,  with 
errors  clustering  at  tlmee  of  low  arousal.  At  high  altitude,  performance 
was  lass  efficient  during  the  first  10  h;  most  serious  errors  involved 
processing  of  digits.  Over learned  FDC  skills  showed  little  deterioration 
even  when  the  men  were  ill  with  acute  mountain  sickness;  cempeneetory 
behaviors  were  evident  and  technical  performance  for  the  last  38  h  at 
altitude  equaled  or  exceeded  control.  Thus,  in  this  study  communi¬ 
cations.  psychomotnr,  and  jtrdgamant  aspects  of  FDC  performance,  ee  well 
as  measures  of  symptome,  mood,  and  neuroendocrine  response,  appear  dif¬ 
ferentially  sensitive  to  psychological  stress,  hypoxia,  snd  fatigue.  The 
rationale  and  objectives  of  this  program  are  given  (Pert  I)  ae  well  as 
initial  experlmencal  results  (Fart  II). 
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DoGua«Qt  No:  214 


Title:  THE  EFFECTS  OF  STRESS  ON  THE  PERFORHANCCE  OF  RIFLEMEN  (U) 
Authors:  Tores  Jr.,  James  P.,  and  Kramer,  Richard  R. 

Ageaeji  U.S.  Army  Human  Engineering  Laboratories 
Date:  1966 

Streesor:  Targets  on  range  firing  back  (BB  shots) 

Task:  Quick  fire  of  M14  and  M16  rifles  at  pop-up  targets 
Subjects:  60  infsntrymen 

Results:  Under  the  stress  condition  subjects  fired  more  rounds  and 
got  lowar  hit  to  shot  ratios.  Thay  got  fewer  first  round  hits  as  wall. 
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OocuMat  Ho:  088 

TlSU:  MODEL  EFFECTIVENESS  AS  A  FUNCTION  OF  PERSONNEL 
Author:  Vau  Noatratid,  Sally  J. 

Afoocy:  U.S.  Army  Coueapta  end  Analyaia  Agancy 
Data:  1986 

Straasors!  Langth  of  coatlououa  oparatloaa 
Haot 

SuBtainad  oparatlooa 

(Thaaa  atraaaora  ara  coQaidarad  lu  combination) 

Subjaeta:  Soldlara  In  ganaral.  Thia  waa  a  study  atmad  at  identi¬ 
fying  thosa  araas  In  which  the  modeling  of  battlefield  processes  could 
and  should  bu  modified  to  include  the  effects  of  human  factors  and  human 
performance. 

Rasulta:  The  project  demonstrated  that  human  data  can  make  large 
differences  in  combat  results  and  that  the  Force  Evaluation  Model 
(FORCEM)  could  be  modified  to  reflacc  the  detrimental  effects  of  environ- 
manc  and  stress  on  humans.  It  was  concluded  chat  sufficient  human  per¬ 
formance  data  do  exist  to  develop  a  data  bass  chat  includes  both  aquip- 
mant  anu  human  data  for  parameters  such  as  probability  of  detection  and 
probability  of  hit. 
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OocuMQt  Ns:  493 


TitU:  TRASAMA  ANALYSIS  IN  SUPPORT  OF  THE  MANAGEMENT  OF  SLEEP  AND 
STRESS  IN  COttTINUOUS  OPERATIONS  (MOS31CO)  STUDY.  (DISTRIBUTION  OF  THIS 
REPORT  IS  LIMITED) 

Author! t  Not  IdentlflAd 

ASAuey:  U.S.  Amy  TRADOC  Syit«u!  A&olyiit  Activity 
Dot*:  19BS 

Th«  M0S8IC0  ftudy  htd,  •«  on*  of  its  major  objactiv*!,  quantifi¬ 
cation  of  tha  affocta  of  changaa  In  Individual  combat  affactivanaaa  dua 
to  loaa  of  alaap  and  atraaa  by  Intacfaeing  raaulta  of  tha  PERFECT  modal 
(aaa  Slagal  an  al,  Documant  No.  181),  which  ganacataa  aatimataa  ralatad 
CO  individual  aoldiac  parforaanca,  and  tha  AMORE  modal,  which  almulatea 
unit  capability. 

It  waa  eoncludad  that  tha  Intacfaca  aa  originally  anvlalonad  waa  not 
poaalbla  bacauaa  tha  AMORE  modal  outputs  unit  capability,  not  affactiva- 
naaa.  However,  a  ilmlted  atudy  waa  accompllahed  of  pacsuanal  tranafar 
clmeu.  Thiu  raflacte  altuationa  in  which  partonnal  can  tranafar  to  other 
poaiclona  in  a  unit  bacauaa  of  croaa-training  or  aimllavlty  of  akllla. 
Paraonnal  tranafar  timaa  were  Incraaaad  to  modal  the  effecta  of  loaa  of 
productivity  due  to  continuoua  oparationa. 

Tha  outputa  of  the  PERFECT  modal  ware  not  uaad;  rather  an  unex¬ 
plained  '’Productivity  Index"  waa  uaad  that  generated  incraaaad  tranafar 
timaa  for  different  paraonnal  catagoriea  depending  on  whether  their  Joba 
ware  mainly  Cognitive,  Cognltiva-Phyaical,  or  Phyaical,  and  whether  they 
belonged  to  a  Mechanized  Infantry  Company,  Tank.  Company,  or  Howltzar 
Battery.  Outcomea  reflect  the  amount  of  delay  in  recovery  of  the  unit 
due  to  tha  increaaed  tranafar  timea. 

The  aaaumptiona  made  about  the  effect!  of  aleep  loaa  on  performance 
are  not  made  explicit  in  chla  report,  making  it  difficult  to  evaluate. 
However,  tha  concept  that  tranafar  time  affacta  unit  recovery  time  may 
prove  uaaful. 
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Dncumaac  No:  304 


Title:  EXPERIMENTS  ON  EXTENDED  PERFORMANCE:  REPETITION,  ACE,  AND 
LIMITED  SLEEP  PERIODS 

Author:  Webb,  Wllao  B. 

Agency:  Uoiverelty  of  Florida,  Galneavllle 

Date:  198S 

Streseora:  60  bourn  of  sleep  deprivation  vlth  a  maximum  of  4  hours 
of  sleep.  (Three  different  time  periods  were  used). 

Subjects:  An  unstated  number  of  college  students  aged  18-22  years; 

10  faculty  members  aged  40-50  years  of  age;  and  12  faculty  members  aged 
50-60  years  of  age.  A  central  interest  of  this  study  was  in  the  effects 
of  sleep  deprivation  on  older  personnel,  approximating  the  age  of  mili¬ 
tary  commanders, 

Results:  Performance  was  measured  in  auditory  vigilance,  addition, 
word  memory,  word  detection,  visual  search,  logical  reasoning,  remote 
SBSoclates,  and  others.  It  was  concluded  that  older  subjecte  in  the  age 
range  of  40'-60  years,  tended  to  be  mote  vulnerable  to  sleep  deprivation 
effects  than  were  younger  subjects.  However,  the  differences  were  not 
substantial.  The  preoence  of  4  hours  of  sleep  in  three  different  sche¬ 
dules  revealed  only  limited  differencial  ameliorative  effects  in  reducing 
the  performance  decrements. 

It  should  be  noted  Chat  the  performanene  periods  in  this  study  were 
of  three  hours'  duration  and  were  discontinuous,  with  only  three  perfor¬ 
mance  periods  per  24  hours.  Additionally,  there  were  three  1-hour  meal 
periods  interspersed  in  the  24-hour  cycle. 
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DocubmC  No:  284 


Titlo:  K  STUDY  OF  SOME  DETERMINERS  OF  PSYCHOLOGICAL  STRESS 
Authors:  Whtrcy  Jr,,  Robsrt  J. ,  and  Curran,  Patrick  M. 

Agsoep:  U.S.  Naval  School  of  Aviation  Mcdieina,  Pansacola 
Data:  1965 

Strassert  Elactric  shock 

Task:  Parforaiag  a  four  choica  color  discrimination  task  at  naximal 
rats  (salt  pacad).  Tha  study  was  dasigned  so  chat  it  daalt  with  cha 
strass  associated  with  anticipating  a  physical  threat. 

Subjects:  64  Naval  and  Marina  Corps  cadet  pilot  trainees. 

Results:  Farformanca  datariocatad:  (1)  as  Che  threatening  event 
came  closer  in  time;  (2)  as  cha  perceived  probability  of  shock  in¬ 
creased;  and  (3)  as  the  perceived  degree  of  unpleasantness  increased. 
There  was  soma  support  for  the  inverted  U  hypothesis.  The  model  in 
Figure  1,  chough  not  reproduced  here,  is  of  interest. 
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DocuiMat  No:  464 


Titlt:  XHB  EFFECTS  OF  SUEEP  LOSS  ON  PERFORMANCE 
Author:  Wilkinson,  R.T. 

Agtncy:  Modicol  Rosaoreh  Council,  AppUod  Psychology  Rtsssrch  Unit, 
Csfflbridgs,  England 

Dntt:  19S8 

Strssflort  26-30  hours  of  tltsplsssnsss 

Tasks:  Card  sorting,  forward  and  backward  writing,  nota  Itaming, 
vigilanca  (datactlon  of  targat  signals  on  a  scraan),  addition,  sarlal 
raaetion  tiaa  (ragardad  as  a  dado  ion-making  cask).  Tha  longaac  cask 
(vigilanca)  was  of  only  40  minucaa  duration. 

Subjaetai  Royal  Navy  anlisCtd  parsonntl  (up  to  16  par  test 
condition) 

Raaults:  In  a  r.umbar  of  shore  casks  lasting  lass  chan  10  minutes  no 
significant  daclina  in  efficiency  waa  found  following  sleep  loss.  In  the 
vigilance  and  decision  making  tasks,  pronounced  declines  were  observed 
but  not  until  at  least  10  minutes  h^  been  spent  at  the  Cask.  Soma  "more 
complex"  tMsks  such  as  addition  showed  no  decline  even  after  25  minutes. 

Fsrformancs  feedback  appeared  to  substantially  reduce  the  sleep  loss 
effects.  It  is  suggested  that  "the  less  predictable  the  sleeploss  opera¬ 
tor  finds  the  task  situation,  and  the  greater  the  penalty  he  suffers  for 
falling  to  predict  it  accurately,  tha  less  likely  is  his  efficiency  to 
fall  below  normal  levels". 

A  Centstive  conclusion  from  Che  vigilance  experiments  may  be  of 
special  interest.  "Where  a  repetitive  routine  response  pattern  has  to  be 
discontinued  and  replaced  by  other  responses  appropriate  to  a  sudden  and 
perhaps  critical  change  in  the  situation,  sleep  loss  may  reduce  the  speed 
with  which  this  transition  is  made,  still  worse  an  error  may  result  if 
the  first  inadvertent  response  cannot  be  rescinded. 
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Docuatnt  No:  200 

Title:  THE  EFFECT  OF  LACK  OF  SLEEP  ON  VISUAL  WATCH-KEEPING 
Author:  WlllclntoQ,  R.  T. 

Agraey:  Medical  Raaaarch  Council,  Applied  Psychology  Research  Unit, 
Canbrldge 

Date:  1960 

Straasera:  Loas  of  one  nighta  sleep 

Taeka:  Viaual  vigilance  detecting  infrequent  spots  of  light  pre¬ 
sented  on  glass  screen  over  a  40-minute  period 

Subjects:  Naval  ratings  between  the  ages  of  18-30.  The  number  was 
not  specified,  but  was  apparently  IS. 

Results:  Subjects  who  had  no  sleep  the  previous  night  maintained 
performance  on  the  vigilance  task  for  the  first  20  minutes  of  the  teat  at 
a  level  comparable  to  a  control  condition  where  normal  sleep  was  permit¬ 
ted.  After  20  minutes  however,  the  rate  of  signal  detection  declined 
steadily.  In  the  final  quarter  of  the  test,  the  detection  rate  was 
roughly  1/3  chat  of  the  first  quarter. 

The  signals  that  were  missed  were  divided  into  three  categories: 

(a)  Chose  missed  while  watching  the  display;  (b)  chose  missed  while  not 
watching;  and  (c)  Chose  missed  while  asleep.  Lack  of  sleep  produced 
increases  in  all  three  of  these  categories.  The  author  concludes  that 
Che  results  support  previous  suggestions  that  a  Cetc  has  to  be  prolonged 
before  performance  is  affected  by  moderate  loss  .'f  sleep. 
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Document  No:  297 

Tltlm:  SOME  EFFECTS  OF  SLEEP  LOSS  ON  MEMORY 

Authors:  Wllliamt,  Harold  L.,  Gleaaking,  Charles  F.,  and  Lubln, 

Ardie 

Ageneiea:  University  of  Oklahoma  School  of  Medicine;  Walter  Reed 
Army  Institute  of  Research;  U.S.  Navy  Medical  Mciropsychiatrlc  Research 
Unit ,  San  Diego 

Date:  1966 

Stressors:  One  nights  sleep  loss 

Tasks:  Recall  of  lists  of  words;  recognition  of  pictures  of  faces 

Subjects:  44  U.S.  Army  enlisted  male  volunteers 

Results:  Immediate  recall  of  word  lists  showed  significant  impair¬ 
ment  after  one  night  of  sleep  loss.  However  the  picture  recognition  test 
did  not  show  significant  deficit  after  one  nights  sleep  loss.  Perfor¬ 
mance  on  this  test  was  impaired  however,  after  a  night  of  recovery  sleep. 
The  authors  conclude  that  moderate  sleep  loss  causes  deficit  in  formation 
of  the  memory  trace  rather  than  in  storage  or  retrieval  functions  and 
chat  this  effect  is  probably  independent  of  Che  physiological  lapses 
(brief  periods  of  sleep)  which  affect  vigilance  and  sensory  registration. 
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In  Coneinuous  Onaraetona  ^?MOSS1CO^  Study < .  Vhita  Sands  Missile 
Range,  NM:  Army  Tradoc  Systems  Analysis  Activity. 

Ainsworth,  L.L.  and  Bishop,  H.P.  (1971,  July).  The  Effects  of  a  A8-Hour 
Period  of  Sustained  Field  Activity  on  Tank  Crew  Performance.  (Hum- 
RRO  Technical  Report  71-16).  Alexandria,  VA:  Human  Resources 
Research  Organization.  (Full  Synopsis  in  Appendix  A). 

Alkov,  Robert  A.,  Caynor,  John  A.,  and  Borowsky,  Michael  S.  Pilot  Error 
as  a  Symptom  of  Inadaauate  Stress  Cooing.  Aerospace  Medical 
Asaoetacton. 

Task:  Aircraft  piloting  (accident  involvement). 

Stressors:  Various  life  circumstances. 

Notes:  Focus  on  life  stresses  that  may  contribute  to  individual 
differences  in  culpability  in  major  aircraft  mishaps. 

Alkov,  Robert  A.,  Borovsky,  Michael  S.,  and  Caynor,  John  A.  Stress  Cop¬ 
ing  ard  the  U.S.  Navv  Aircrew  Factor  Mishap.  Norfolk,  VA:  Naval 
Safety  Center,  Naval  Air  Station. 

Task:  Flying  Navy  aircraft. 

Stressors:  Personal  life  events. 

Notes:  Personal  life  stresses  •  not  a  variable  we  can  deal  with  in 

model. 

Allen,  T.W. ,  Johneon,  E.  Ill,  Wheaton,  G.R.,  and  Knorr,  C.M.  (1982, 

March) .  Methods  of  Evaluating  Tank  Platoon  Battle  Run  PerfoiTiiance : 
Design  Guidelines.  ARI  Technical  Report  569,  (AD131969). 

Task;  Engage  tank  platoons  in  battle  runs;  measure  and  assess 
parformatice . 

Stressors:  None  -  not  applicable. 

Notes:  Guidebook  aimed  at  battalion  S-3  and  his  QIC  for  assessing 
tank  platoons.  Provides  inventory  of  tasks  &  evaluative 
performance  standards. 
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Allnutt,  N.F.  Sleep  at  Unusual  Hours,  Drugs,  and  Subsequent  Performance. 
In  A.J.  Benson  (Ed)  AGARD  Proceedings  No.  74:  Symposium  on  Rest  aai 
Activity  Cycles  for  the  Maintenance  of  Efficiency  of  Personnel 
Concerned  with  Military  Flight  Operations. 

Alluisl,  E.A.,  and  Chiles,  U.O.  (1967).  Sustained  Performance.  Work- 
rest  Scheduling,  and  Diurnal  Rhvthma  In  Man.  Amsterdam :  North- 
Holland  Publishing  Co. 

Alluisl,  E.A.,  Chiles,  W.D.,  and  Smith,  R.  (1964,  August).  H\iman  Per¬ 
formance  in  Military  Systems:  Some  Situational  Factors  Influencing 
Individual  Performance.  (Interim  Technical  Report  64-1).  Louis¬ 
ville,  tCY.  Performance  Research  Lab.,  Dept,  of  Psychology,  Univ.  of 
Louisville . 

Task:  General  military  •  a  review  article. 

Stressors:  Atypical  work  -  rest  schedule;  LSD  ingestion. 

Notes:  No  data. 

Angus,  Robart  G.,  Heaelgrave,  Ronald  J.  (1963).  The  effects  of  sleep 
loss  and  sustained  mental  work:  Implications  for  command  and  con¬ 
trol  performance.  In  AGARD  Confarenea  Proceedings  No.  338.  Sus¬ 
tained  Intensive  Air  Operations:  Physiological  and  Performance 
Aspects. 

Task;  Message  processing,  reaction  time,  subtraction,  encode/ 
decode,  logical  reasoning,  ST  memory,  vigilance. 

Stressors:  S4  hours  of  continuous  work. 

Notes:  Same  study  as  Angus  and  Haselgrave,  1983. 

Angus,  Robert  G.,  Hsselgrave  Ronald  J.  (1985,  February).  Effects  of 
sleep  loss  on  sustained  cognitive  performance  during  a  command  and 
control  simulation.  Psychonomic  Society,  Inc.  In  Behavior  Research 
Methods.  Instruments  &  Coroputara.  IZd)  •  (Full  Synopsis  in 
Appendix  A) . 

Appley,  M.H.  (1966,  June).  Conference  on  Psychological  Stress.  Final 
Report  to  ONR,  (AD634880) .  Toronto,  Canada:  York  University. 

Task;  None  -  this  paper  simply  lists  the  conference  participants. 
Proceedings  published  separately  in  Psychological  Stress; 
Issues  in  Research  Appleton- Century -Crofts ,  1966. 

Arborelius,  Ulf.P.,  Ekholm,  J.,  Nemeth,  G.,  Svensson,  0.,  and  Nisell,  R. 
(1986).  Shoulder  Joint  load  and  muscular  activity  during  lifting. 
Scand.  J.  Rehab.  Med..  ifi(2),  71-82. 

Arendt,  J.,  Aldhous,  M. ,  Englieh,  J.,  Marks,  V.,  and  Arendt,  J.H.  (1987). 
Some  effects  of  Jet-lag  and  their  alleviation  by  melatonin. 
EHflnoniCI.  iA(9),  1379-1393. 

Arlma,  J.K.  (19C7).  Human  Fuctors  in  Ufca.,on  System  Evaluation.  (Tech 
Paper  LSSL-TP-69-1) .  Ft.  Ord,  CA:  Behavioral  &  Life  Sciences 
Section,  Mellonlcs  Systems  Dev.  Div.  Litton  Scientific  Support  Lab. 


Artlss,  K.L.  (1963).  Human  Behavior  Under  Stress  •  From  Combat  to 
Social  Psychiatry.  Military  Medicine.  1011-1015. 

Stressors:  Combat. 

Notes:  No  primary  data  except  for  casualty  data. 

Asfour,  S.S.,  Ayoub,  M.M. ,  and  Mltal,  A.  (1984).  Effects  of  an  endurance 
and  strength  training  programme  on  lifting  capability  of  males. 
Ergonomics.  21W ,  435-442. 

Babkoff,  H.,  Thome,  D.R.,  Sing,  H.C.,  Censer,  S.C.,  Taube,  S.L.,  and 

Hegge,  F.V.  (1985).  Dynamic  changes  in  work/rest  duty  cycles  in  a 
study  of  sleep  deprivation.  Psychonomic  Society  Inc:  Behavior 
Research. Methods.  Instruments  &  Computers.  12,  604-613. 

Baddeley,  A.D.  (1972).  Selective  Attention  and  Performance  in  Dangerous 
Environments.  British  Journal  of  Psychology.  63 .  537-546. 

Stressors:  Diving,  parachute  Jumping,  threat  of  fire. 

Notes:  Useful  in  terms  of  general  effect  on  the  narrowing  of 
attention. 

Baker,  R.A. ,  Vara,  J.R.,  &  Slpowlcz,  R.R.  (1962).  Sustained  vigilance ; 
I.  Signal  detection  during  a  24-hour  continuous  watch.  Psvchol . 
Rec..  12,  245-250. 

Baker,  Robert  A.  (1958,  May).  The  Determination  of  Job  Reoulrements  for 
Tank  Craw  Members.  (Technical  Report  47).  Ft.  Knox,  KY:  U.S.  Anny 
Armor,  Human  Research  Unit. 

Baker,  Robert  A.,  Mathers,  Boyd  L.  and  Roach,  Eugene  G.  (1959,  Jt’.ne). 
Ihg_Effacts  of  Increasing  and  Decreasing  Training  Time  on 
£raficlencv_ in  the  Critical  Armor  Skills.  (Technical  Report  55). 

Ft.  Knox,  KY:  U.S.  Army  Armor,  Human  Research  Unit. 

Bandaret,  L.E.,  Stokes,  J.U.,  Francesconl,  R.,  Kowal,  D.M.  &  Naitoh,  P. 
(1981).  Artillery  teams  in  simulated  sustained  combat:  performance 
and  other  measures.  In  NIQSH  Proceedings.  The  24 -hr  Workday  (Pvib. 
No.  81-127,  pp.  581-604).  Cincinnati,  OH:  U.S.  Dept,  of  Health  & 
Human  Services. 

Bandaret,  L.E. ,  and  Stokes,  J.W.  (1980).  Simulated.  Sustained  Combat 
Operations  in  the  Field  Artillery  Fire  Direction  Center  (FDS):  A 
Model  for  Evaluating  Biomedical  Indices.  (Full  Synopsis  in 
Appendix  A) . 

Banks,  J.H.,  Sternberg,  J.J.,  Farrell,  J.P.,  Debow,  C.H. ,  and  Dalhamer, 
H.A.  (1970).  Effects  of  Continuous  Military  Operations  on  Selected 
Military  Tasks.  (ARI  Technical  Research  Report  1166).  Alexandria, 
VA:  US  Army  Research  Institute  for  the  Behavioral  and  Social 
Sciences.  (Full  Synopsis  In  Appendix  A>. 


Barron,  R.C.,  Lutz,  W.G.,  Degalo,  G.J.,  Havens,  J.W.,  Talley,  J.W.  (1976, 
September).  Degradation  of  Tank  Effectiveness.  Fort  Hood,  TX: 
TRADOC  Combined  Arms  Test  Activity.  (Abbreviated  Synopsis  in 
Appendix  B) . 

Sartemeiar,  L.H.,  Kubie,  Lawrence,  S.,  Menninger,  Karl  A.,  Romano,  John, 
and  Vhitehom,  John  C.  (1946).  Combat  Exhauetion.  J.  Nerv’  Mant. 
Dla. .  104,  358-524. 

Streeeora:  Combat. 

Notes :  Entirely  clinical. 

Bartlett,  F.C.  (1941).  Fatigue  following  highly  skilled  work.  Pro¬ 
ceedings  of  the  Roval  Society  of  London.  Series  B.  Biological  Sei- 
ancas.  131,  247-257. 

Baum,  Andrew,  Singer,  Jerome  C.,  and  Baum,  Carlene  S.  (1981).  Stress 
and  the  Environment.  Journal  of  Social  Issues.  21,  1< 

Notes;  Strictly  review  article  with  sociopsychological  bent. 

Beare,  A.N. ,  Bondi,  K.R.,  Bieraner,  R.J.,  &  Naitoh,  P.  (1981).  Work  and 
rest  on  nuclear  submarines.  Ergonomics,  2ii,  593-610. 

Task;  No  performance  measures. 

Stressors:  Confinement  in  submarine.  (No  severe  sleep  loss). 

Notes:  Averaged  8  hrs  sleep  in  24. 

Beaumont,  R.A. ,  and  Snyder,  W.P.  (1980).  Combat  Effectiveness;  Para¬ 
digms  and  Paradoxes.  In  S.D.  Sarkesian  (ed.).  Combat  Effectiveness: 
Cohesion.  Stress  and  the  Volunteer  Military.  Beverly  Hills,  CA: 
Sage. 

Beebe,  Gilbert  W. ,  and  Appel,  John  W.  (1958).  Variation  in  Psycho¬ 
logical  Tolerance  to  Ground  Combat  in  World  War  II.  Washington: 
National  Academy  of  Sciences,  Nat'l  Res.  Council,  Oiv.  of  Kedical 
Sciences . 

Behar  I.,  Kimball,  K.A. ,  &  Anderson,  D.A.  (1976).  Dynamic  visual  acvitv 
in  fatigued  pilots.  Fort  Rucker.  AL;  U.S.  Army  Aeromedical  Research 
Lab. 

Belenky,  Gregory.,  Balkin,  Thomas,  Krueger,  Gerald,  Headley,  Don., 

Solick,  Robert.  (1986,  October).  Effects  of  continuous  operations 
(CQNQPS)  on  soldier  and  unit  performance.  Phase  I  Review  of  the 
Literature.  Ft.  Leavenworth,  KS:  US  Army  Combined  Arms  Combat 
Developments  Activity.  (Full  Synopsis  in  Appendix  A). 

Belenky,  Gregory  L.  ,  Kruger,  Thomas  J.,  Balkin,  Thomas  J.,  Headley, 

Donald  B. ,  and  Solick,  Robert  E.  (1987).  Effects  of  Continuous 
Operations  rCONQPS^  on  Soldier  and  Unit  Performance:  Review  of  the 
Lltarature  and  Stratealea  for  Sustaining  the  Soldier  i.n  CQNQPS. 
Walter  Reed  Army  Institute  of  Research.  (Full  Synopsis  in 
Appendix  A) . 


Bell,  C.  and  Crowder,  M.  (1971).  Durations  of  safe  exposure  for  men  at 
work  in  high  temperature  environments.  Ergonomics .  14(6),  733-757. 
(Abbreviated  Synopsis  in  Appendix  B) . 

Benson,  A.J.,  (Ed.)  (1970).  Rest  and  activity  cycles  for  the  mainte¬ 

nance  o£  efficiency  of  personnel  concorned  with  military  flight 
operations.  Proceedings  of  the  NATO  advisory  group  for, Aerospace 
R&D  (ACARDl  Aerospace  Medical  Panel  Soacialiats*  Meeting  at  Oslo. 
aorwav .  (AGMID  Proceedings  No.  74). 

Task:  Various  •  flying  and  air  traffic  control. 

Stressors:  Multiple  time  zones,  extended  operations,  high  workload. 
Notes:  Results  of  an  AGARD  symposium  with  emphasis  on  work-rest 
cycles  of  aircrew  &  air  traffic  controllers.  Evan  with 
double  crews,  it  is  concluded  that  48  hours  is  mauimum 
tolerable  for  air  transport  missions. 

Bergstrom,  B.  The  effect  of  sleep  loss  and  threat  induced  stress  upon 
tracking.  Scandinavian  Jountal  of  Psychology.  H,  54-60. 

Bergstrom,  Bengt,  Gillberg,  Hats,  and  Amberg,  Peter.  (1973).  Effects 
of  Sleep  Loss  and  .Stress  upon  Radar  Watching.  Journal  of  Applied 
Psychology.  M(2),  158-162.  (Abbreviated  Synopsis  in  Appendix  B). 

Bergum,  B.O.  (1966).  A  taxonomic  analysis  of  continuous  performance. 
Perceptual  and  Motor  Skills.  U,  47-54. 

Task:  Various  •  a  theoretical  paper. 

Notes:  A  nice  analysis  of  casks  based  on  their  activation  levels. 
Only  remotely  relevant. 

Berkun,  Mitchell  M.  (1962)  .  Experimental  Studies  of  Psychological 
Stress  in  Man.  Alexandria,  VA;  George  Washington  Univ. ,  Human 
Resources  Research  Office.  (Abbreviated  Synopsis  in  Appendix  B) . 

Berkun,  Mitchell  M.  (1964,  February).  Performance  Decrement  Under 
Psychological  Stress.  Presidio  of  Monterey,  C  Human  Resources 
Research  Office.  Also  in  Human  Factors,  6(i;  (Abbreviated  Syn¬ 
opsis  in  Appendix  B) . 

Berkun,  Mitchell  H. ,  Bialek,  Hilton,  M. ,  Yagi,  Kan,  Berry,  James  L. , 

Kern,  Richard  P.  (1959,  December).  Human  Psvchophvsiologlcal 

Response  to  Strews: _ Successful  Experimental  Simulation  of  Real- 

Life  Stresses.  Alexandria,  VA:  Human  Resources  Research  Office, 
George  Washington  Univ,  (Abbreviated  Synopsis  in  Appendix  B). 

Berkun,  Mitchell,  M. ,  Walker,  Jerald  N. ,  Meeland,  Tor.  (1958,  November). 
Inferred  Correlation  Between  Combat  Performance  and  Some  Field 
Laboratory  Stresses.  Alexandria,  VA:  Human  Resources  Research 
Office,  George  Washington  Univ. 

Task;  Performance  in  combat  (as  Judged  by  infantrymen  peers  in 
Korea) . 

Stressors;  Combat,  simulated  combat  &  various  ocher  stressful 
experimental  tasks. 


Notes:  Attempt  to  see  whether  certain  written  tests  were  predictive  of 
performance  both  in  actual  combat  A  stressful  simulation  tasks. 
No  success.  Authors  conclude  stressful  simulations  not  good 
enough.  Maybe  so,  but  selection  of  pndictor  variables  could 
have  been  better. 

Sink,  B.  (1962).  The  physical  working  capacity  in  relation  to  working 
time  and  age.  EmonoaUfl .  KD.  25-28. 

Bonjer,  F.  Actual  energy  expenditure  in  relation  to  the  physical  working 
capacity.  Ergonomics .  29-31. 

Bonnet,  M.H.  (1980).  Sleep,  performance  and  mood  after  the  energy- 
expenditure  equivalent  of  40  hours  of  sleep  deprf.vatlon.  Psvcho- 
phviiology.  JJ,  56-63.  (Abbreviated  Synopsis  in  Appendix  B) . 

Boyles,  Wiley  R.  (1969).  Measures  of  reaction  to  threat  of  physical 
harm  as  predictors  of  performance  in  military  aviation  trainine. 
Alexandria,  VA:  Hunan  Resources  Research  Organization. 

Task:  Learning  to  fly  Army  aircraft. 

Stressors;  Risk  of  injury  associated  with  participation  in  various 
physical  activities. 

Notes;  Attempt  to  use  biographical  data  to  predict  success  in  pilot 
training.  Title  is  misleading. 

Brictson,  Clyde  A.  (1975).  Longitudinal  Study  of  Envirorjnental  Vari¬ 
ables  .and  Aviation  Performance  Effectiveness.  UJolla,  CA;  Dunlap 
and  Associates. 

Task;  Carrier  landings  of  F4J  aircraft  during  Viwtnam  conflict. 
Stressors;  Disrupted  sleep,  night  operations,  high  workload,  ex¬ 
tended  cruise  (9  mos). 

Notes;  Sluep  data  collected  over  1  7-day  period.  Irregular  sleep 
associated  with  poorer  performance. 

Brouha,  L.  (1967).  Role  of  climatic  and  environmental  conditions  in 
weight  carrying.  Industrial  Medicine  and  Surgery.  257-266. 

Brown,  Bill  R.  ,  Morgan,  Ban  B.  Jr.  (1973).  Studies  of  performance 

assessment  and  enhancement.  Louisville,  KY:  Univ.  of  louisville. 
Performance  Research  Lab. 

Brown,  Frank  L.  and  Jacobs,  T.O.  (1967).  Critical  Combat  Performances. 
Knowledaes.  and_Skills  Required  of  the  Infantry  Rifle  Platoon 
Leader;  Human  Maintenance  Under  Campaign  Conditions.  Alexandria, 

VA;  Human  Resources  Research  Organization. 

Task:  Soldier  maintenance.  This  is  a  handbook  for  infantry  platoon 

leaders. 

Stressors:  Combat  exhaustion,  others. 

Notes:  Addresses  problems  of  sleep  loss,  physical  exertion,  stress, 
in  terms  of  what  to  do. 
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Brovm,  Frank  L. ,  and  Jacobs,  T.O.  (1970).  Developing  the  Critical 

Combat  Performanc.e_Ra.guired  of  the.  Infantry. Rifle.  Plat&on  Leader. 

Ft.  Bennlng,  GA:  Hvunan  Resources  Research  Organization. 

Buck,  Leslie.  (1975).  Sleep  Loss  Effects  on  Movement  Time.  Ergonomics . 
X&(4) ,  S*42S.  (Abbreviated  Synopsis  in  Appendix  B) . 

Bugge,  J.F.,  Opstad,  F.X. ,  and  Magnus,  P.M.  (1979).  Changes  in  the 
circadian  rhythm  of  performance  and  mood  in  healthy  young  men  ex 
posed  to  prolonged  heavy  physical  work,  sleep  deprivation,  and 
caloric  deficit.  Aviation.  Space,  and  Environmental  Medicine.  52, 
663-668.  (Full  Synopsis  in  Appendix  A). 

Cameron,  C.  (1971).  Fatigue  problems  in  modern  industry.  Ergonomics . 
Hi).  713-720. 

Cameron,  C.  (1973).  A  Tlieory  of  Fatigue.  Ergonomics ■  1^(5),  633-648. 

Task:  No  specific  casks. 

Stressors:  Long  term  work. 

Notes;  This  is  strictly  theoretical,  but  offars  some  important 
insights  concerning  Che  findings  o£  research  on  fatigue. 

Cannon,  Dennis,  Drucker,  Eugene,  Kessler,  Theodore.  (1964).  Summary  of 
Literature  Review  on  Extended  Operations.  Human  Resources  Research 
Office . 

Stressors;  Sleep  loss,  temperature,  vibration,  confinement,  noise  & 
others. 

Notes;  Study  performed  by  Armor  Research  Unit,  Ft.  Knox.  Authors 
conclude  chat  literature  to  that  time  precludes  supporting 
or  denying  that  troops  can  remain  effective  for  48  hrs  or 
longer. 

Capretta,  P.J.,  Berry,  Jamet  L. ,  Kerle,  Robert  H. ,  and  LaMonaca,  Hugh  L. 
(1960).  Validity  and  Reliability  of  Certain  Indicacors  of  Psycho¬ 
logical  Stress.  (Research  Memo) .  Alexandria,  VA:  Human  Resources 
Research  Office,  Gao.  Washington  Univ. 

Task;  Digit-symbol  substitution,  number  checking,  rifle  disas 
sembly  &  assembly,  backwards  digit  span  (believed  stress 
sensitive) . 

Stressors:  Taking  backwards  digit  span  cast  at  the  midpoint  of  a 
rope  bridge  50'  above  a  rocky  canyon. 

Notes ;  Test  showed  significant  but  very  small  degradation  effects 
due  to  stressor.  Ocher  tests  administered  after  stress 
showed  no  effects.  Am hors  note  S’s  did  not  perceive  any 
threat  to  their  survival. 

Caputo,  Philip.  (1977).  A  rumor  of  war.  Ballantlne  books. 

Cash,  John  A.  (1970).  Flight  at  la  Drang,  from  Seven  Firefights  in 
Vietnam.  US  Army  Office  of  Military  History. 
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Chermol.  Brian  H.  (19ii3,  September).  The  quiet  memy  combat  stress. 
Army.  il(9) . 

Chiles,  Valter  D.  (193S) .  Experimental  Studies  of  Prolonged  Wakeful¬ 
ness  .  (Tech  Report  55-395).  Wright  Air  Development  Center.  (Ab¬ 
breviated  Synopsis  in  Appendix  B) . 

Clark,  Rodney  A.  (1955).  Leaderahin  In  Rifle  Squads  on  the  Korean  Front 
Line.  Caorge  Washington  University. 

Cleary,  F.K.  (1968).  Critical  Combat  Performancaa^JCnotf ledges,  and 

Skills  Required  of  the  Infantry  Rifle  Platoon  Leader.  Emplacements. 
Shelters.  Obstacles,  and  Field  of  Fire.  Alexandria,  VA;  Human 
Resources  Research  Organization. 

Cleary,  F.K.,  at  al.  (1968).  Critical  Combat  Performances.  Knowledges 
and  Skills  Raoulred  of  the  Infantry  Rifle  Platoon  Leader.  Offensive 
Operations .  Alexandria,  VA:  Human  Resources  Research  Organization. 

Cohen,  S.  Aftereffects  of  Stress  on  Human  Performance  and  Social  Be¬ 
havior:  A  Review  of  Research  and  Theory.  Psychological  Bulletin. 

M.  82-108. 

Task;  Various  >  this  is  a  review  article. 

Stressors:  Noise,  electric  shock,  bureaucratic  stress,  arbitrary 
discrimination,  etc. 

Notes;  Makes  the  interesting  case  that  continued  exposure  Co  a 
stressor  may  produce  effects  that  appear  only  after  the 
stimulation  has  been  terminated  •  the  adaptive -cost 
hypothesis . 

Collins,  W.C.  (1977).  Some  effects  of  sleep  deprivation  on  tracking 

performance  in  static  and  dynamic  environments.  Journal  of  Applied 
£ayghqLflgy.  &2.  567-573. 

Colquhoun,  W.P.  (1985).  Hours  of  work  at  sea;  watchkeeping  schedules, 
circadian  rhythms  and  efficiency.  Ergonomics .  21(4),  637-653. 

Task;  Sonar  signal  detection  (auditory). 

Stressors;  Circadian  influsnce;  stable  vs.  rotating  watch. 

Colquhoun,  W.P.,  Hamilton,  P.,  and  Edwards,  R.S.  (1974).  Signal 

Dftta.c.tlonJ:fficlBncY_in  the  Morning  Watch. _ Effects  of  Prior  Sleep. 

Diurnal  Rhvthm  and  Fatigue.  (Report  No.  DES-10/74;  DRIC-BR-51850) . 
London,  England;  Royal  Navy  Personnel  Research  Committee. 

Task:  Sonar  signal  detection. 

Stressors:  Lack  of  sleep  Just  prior  to  the  morning  watch  4  on  •  4 
off  -  4  on  schedule. 

Notes:  30%  to  50%  reductions  in  detection  rate. 

Colquhoun,  W.P,,  Watson,  K.J.,  and  Gordon,  D.S.  (1987).  A  shipboard 
study  of  a  four-crew  rotating  watchkeaping  ssytem.  Ergonomics . 
2fl(9),  1341-1352. 


Covey,  R.W.  (1969).  Dropouts  In  Combat:  A  Stochastic  Hodel-  (Masters 
Thesis).  Monterey,  CA:  Naval  Postgraduate  School. 

Task;  Develop  a  model  that  takes  into  account  not  Just  attrition  In 
combat,  but  other  factors  that  result  in  non-effective 
performance. 

Stressors:  Combat,  fatigue. 

Notes:  Interesting  observations  on  fatigue,  pp.  20-22.  Definitions 

p.  20. 

Cox,  D. ,  Hallam,  R. ,  O'Connor,  K. ,  and  Rachman,  S.  (1983).  An  experi¬ 
mental  analysis  of  fearlessness  and  courage.  British  Journal  of 

ZaXfilialftiX.  24(1).  107-117. 

Task:  Adjustment  of  lever  in  response  to  tone  discrimination. 
Stressors:  Electric  shock  in  case  of  incorrect  choice. 

Notes;  Subjects  were  bomb  disposal  personnel  and  others,  for 
control. 

Dhalke,  A.E.,  and  Burkett,  Ron.  (1984).  Psychological  reactions  to  non¬ 
nuclear  weapons:  problems  and  potentials  of  the  experimental 
approach.  In  Proceedings.  First  Symposium  on  the  Psychological 
Effects  of  Non-Nuclear  Weapons.  Unlv.  of  Oklahoma. 

Task;  N/A  •  a  plea  for  experiments  incorporating  both  laboratory 
and  field  characteriscics 
Stressors:  Fear  caused  by  enemy  fire. 

D’Amico,  Anita  D.,  Kaufman,  Edmund,  and  Saxe,  Christine.  (1986).  A 

simulation  study  of  .the  effects  of  sleep  deprivation,  time  of  watch. 
and  length  of  time  on  watch  on  watchs tending  effectiveness.  Kings 
Point,  NY:  Nat'l  Maritime  Research  Center. 

Task;  Detection  of  ocher  ships,  detection  of  instrument  failure, 
frequency/ duration  of  radar  observations. 

Stressors;  Kept  awake  all  night  prior  to  a  4 -hour  daytime  watch. 
Notes;  Poorly  conceived  watch  sequence  •  no  night  watches  •  no 
repetitions . 

Daniels,  W.L.,  Vogel,  J.A.,  and  Jones,  B.H.  (1984).  Comparison  of 

Aerobic  Power  and  Dynamic  Lift  Capacity  with  Performance  during  a  5- 
day  Sustained  Combat  Scenario.  Natick,  MA:  K'-ny  Research  Inst  of 
Environmental  Medicine. 

Task;  Series  of  24  hr  missions  calling  for  all  kinds  of  combat- 
related  tasks. 

Stressors:  5  days  (120  hrs)  of  operations  with  4  hrs  sleep  every 
24. 

Notes;  No  data  on  task  performance  other  than  a  single  (rating) 
score  ranging  on  a  scale  from  1-10. 

Davey,  C.P.  (1973).  Physical  exertion  and  mental  performance. 

Ergonomics .  16 .  595-599. 


Task:  Perception  of  specified  pattern  in  aurally  presented  sequence 

of  digits. 

Stressors;  Amount  of  physical  work  performed  (bicycle  ergomerer^ . 
Notes:  Neat  little  study  showing  an  inverted  U  relationship  between 

amount  of  physical  exertion  &  attentiot\* demanding 
performance . 

Davis,  D.  Russell,  (1979).  Pilot  Error:  Some  Laboratory  Experiments. 

In  Aircrew  Stress  in  Wartime  Operations. _ Papers  from  the  Flving 

Personnel  Research  Committee  of  the  Ministry  of  Defense.  London; 
Academic  PRese.  (Based  on  1948  report.) 

Da'-is,  D.R.  (1946).  The  disorder  of  skill  responsible  fnr  accidents. 
Quarterly  Journal  of  Experimental  Psychology,  i,  136-142. 

Task;  Not  described.  Skilled  Response  test. 

Stressors;  Work  in  coal  mines. 

Notes;  Not  relevant  to  our  interests. 

Davis,  D.R,  (1946).  The  disorganization  of  behaviour  in  fatigue. 

Journal  of  Neurology  and  Psvchfiatrv.  i,  23-29. 

Davis,  K.  Faulkner,  T.,  and  Miller,  C.  (1969).  Work  physiology.  Human 
Factpta,  il(2),  157-166. 

Davis,  S.E.  &  Taylor,  J.G.  (1954,  September  30).  Stress  in  Infantry 
Combat ,  (Tech  Memo  ORO-T-295).  Chevy  Chase,  MD:  Operations 
Research  Office,  John  Hopkins  University. 

Task;  Infantry  attack  on  Triangle  Hill  (Korea) . 

Stressors;  Enemy  action,  high  casualty  rate,  up  to  5  days  combat. 
Notes:  Lots  of  physiological  data  but  very  poor  psychological  test 

(lata.  A  lesson  in  how  not  to  go  about  it. 

Dearnloy,  E.J.  andUarr,  F.B.  (Eds,).  (1979).  Aircrew  stress  In  wartime 

_ Papers  from  the  Flvina  Personnel  Research  Committe  of 

the  Ministry  of  Defense.  London-  Academic  Press. 

Task;  Various  aircraft  control  maneuvers. 

Strescors:  Length  of  time  flying;  up  to  10  hours  in  aircraft; 
about  2  hours  in  simulator. 

Notes;  Data  in  Chapters  5,  8  and  9  are  probably  very  specific  to 

flying  (very  old  aircraft) .  Other  chapters  in  book  are  not 
relevant. 

Dedmon,  James  F. ,  and  Mielec,  Roger.  (1984).  Customer  Teat  (Phase  IB) 
of  the  Surrogate  Research  Vehtc).a.  (Limited  distribuion)  Fort 
Knox,  KY:  U.S.  Armor  and  Engineer  Board. 

Nottos;  3RV  crews  performad  during  throe  72-hour  continuous  exercises 
under  simulated  NBC  threat. 
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Deese,  J.,  and  Lazarus.  R.S.  (1952).  The  effects  of  psvcholoElcal 

straai  upon  parcapcual  motor  oarformanca.  (Research  bulletin  52- 
19),  Lackland  Air  Force  Base:  Perceptual  and  hoCor  Skills  Research 
Lab. 

Defense  Logistics  Agency,  Human  Variables  in  Combat.  Defense  Technical 
Information  Center,  Technical  Report  Summaries. 

Task:  Various  (combat) . 

Stressors:  Continuous  operations,  chemical  warfare  environment, 
physical  work,  dark  environment,  noise,  heat, 
confinement,  air-co*ground  fire. 

Defense  Logistics  Agency.  Combat  Fatigue.  Defense  Technical  Information 
Center,  Technical  Report  Summaries,  Search  control  no.  OS 5241. 

Task:  Various  (combat). 

Stressors;  Continuous  operations,  sleep  deprivation. 

Notes:  Several  articles  of  interest  ordered. 

Defense  Logistics  Agency.  Cembat  Fatlyue.  DTIC,  Technical  Report 
Summaries,  Search  control  no.  0SS245. 

Task:  Various  (combat). 

Stressors;  Stress,  fatigue. 

Notes;  Two  articles  of  interest  ordered. 

Defense  Logistics  Agency.  Combat  Stress.  Defense  Technical  Information 
Center,  Technical  Report  Summaries. 

Task:  Various  (combat). 

Stressors;  Reduced  sleep,  continuous  operations,  suppression, 

resplratory/thermal  (NBC),  confinement  in  armored  vehi¬ 
cles  . 

Notes;  Many  articles  of  interest  ordered. 

Dept,  of  the  Army.  (1970).  Reduction  of  Reaction  Time  to  Engage  Enemy 
Targets .  Dept,  of  Army,  Army  Concept  Team  in  Vietnam. 

Dept,  of  the  Army.  (1967).  Operations  Report  •  Lessons  Learned  •  Obser¬ 
vations  of  a  Platoon  Leader.  Washington,  DC;  DTIC. 

Dept,  of  the  Army.  (1977).  Army  Training  and  Evaluation  Program  for 
Armored  Cavalry  Squadron.  ARTE?  17-55. 

Dept,  of  the  Army.  (1972,  November).  Tank  Gunnery  -  Field  Manual.  Dept, 
of  Army,  HQ. 

Dept,  of  the  Army.  (1969,  November).  Fifteenth  Annual  Armv  Human 
Factors  Research  and  Development  Conference.  Dept,  of  Army. 

Dept,  of  the  Army.  (1969,  March).  A  Study  of  the  Factors  Which  Account 
for  the  Differences  Between  Effective  and  Ineffective  Rifle  Souads . 
Alexandria,  VA;  Human  Resources  Research  Organization. 
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Task;  No  performance  measures;  all  actltudlnal. 

Strasaora;  N/A 

Notea:  Rather  mlaleading  title 

Dept,  of  the  Amy.  (1983,  December).  Soldier  Perfomance  In  Continuous 
Operations .  Dept,  of  the  Amy,  Field  Kamial  22*9. 

Teak;  Cope  with  demand  for  continuous  operations. 

Stressors:  Sleep  loss;  fatigue;  limited  visibility;  disruption  of 
wake/sleep  cycles. 

Notes:  Projected  perfomance  degradation  curves  for  amor,  mecha* 
nlzed  infantry,  fire  aupport  teams,  artillery  given.  Ex- 
peered  effects  on  psychological  processes.  Believed  to  be 
baaed  on  work  of  Siegel,  et  al.  (See  synopses,  this 
document) . 

DeVries -Criever,  A.H.G. ,  and  Meijman,  T.  F.  (1987).  The  Impact  of  ab¬ 
normal  hours  of  work  on  various  modes  of  information  processing:  A 
process  model  on  human  costs  of  perfomance.  Ergonomics .  2£(9), 
1287-1299.  (Abbreviated  Synopsis  in  Appendix  B> . 

Dewulf,  G.  A.  (1987).  Continuous  Operations  Study  (CQNUPS)  Final  Re¬ 
port.  Ft.  Leavenworth,  KS:  US  Amy  Combined  Ams  Combat  Development 
Activity,  Force  Design  Directorate.  (Full  synopsis  in  Appendix  A). 

Dinges,  D.F.,  Orne,  E.C.,  Evans,  F.J.,  and  Orne,  N.T.  (1981).  Perfor¬ 
mance  after  Naps  in  Sleep -Conducive  and  Alerting  Environments.  In 
The  Twenty- Four  HQur_Workdav:  Proceedings  of  a  Symposium  on  Varia¬ 
tions  in  Vork- Sleep  Schedules.  Cincinnati,  OH:  U.S.  Dept,  of 
Health  &  Hunan  Services. 

Task;  RT,  answering  tho  phone,  decending  subtraction. 

Stressors:  Sudden  awakening  from  nap  of  60  min. 

Notes;  Subjects  were  not  sleep  deprived.  Immediate  performance 
loss  upon  nap  interuption  but  no  study  of  duration  of 
effect. 

Dinges,  David  F, ,  Orne,  Martin  T..  and  Orne,  Emily  Carota.  (1985). 

Assessing  perfomance  upon  abrupt  awakening  from  naps  during  quasi - 
continuous  operations.  Psychonomlc  Society.  In  Behavior  Research 
Methods.  Instruments.  &  Computers.  17(1).  (Abbreviated  Synopsis  in 
Appendix  B) . 

Dinges,  David  F.  ,  Ome,  Martin  T.  ,  Orne,  Emily  Carota,  and  Evans, 

Frederick  J .  (1980).  Voluntary  Self-Control  of  Sleep  to  Facilitate 

Quasi -Continuous  Perfomance.  Fort  Detrick,  Frederick,  HD;  U.S. 

Amy  Medical  Research  and  Development  Command. 

Task;  Descending  subtraction;  random  number  generation,  telephone 
ring  RT. 

Stressors:  None. 

Notes:  Includes  excellent  review  of  effects  of  napping  (short 
sleep)  in  continuous  military  operations. 
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Dollard,  John.  (1969,  August).  Fe.ir  In  Battle.  (.Tachnical  Library,  USA 
CDCEC.  355.1294  Do.).  Ft.  Ord,  CA. 

Strassors;  Combat. 

Hotat:  Primary  data  ara  ratults  of  opinion  survey.  Concerned  with 

fear  as  a  stressor. 

Donnell,  J,H.  (1969).  Performance  decrement  as  a  function  of  total 
sleep  loss  and  task  duration.  Perceptual  and  Motor  Skills.  H, 
711-714. 


Task;  Wilkinson  addition  teat. 

Stressors;  64  hra  of  sleep  loss. 

Notes:  Clearly  demonstrates  need  for  tests  of  more  than  a  few 

minutes  duration  when  trying  to  determine  effects  of  sleep 
loss.  50  min.  of  testing  were  required  to  detect  signifi¬ 
cant  decreases  In  accuracy  on  lac  deprivation  day;  only  10 
minutes  required  on  2nd  deprivation  day. 


Drew,  G.C.  (1979).  An  Experimental  Study  of  Mental  Fatigue.  Aircrew 


London :  Academic 


Press, 


Notes:  See  Dearnaley  and  Warr,  1979. 


Drucker,  E.H.,  Cannon,  L.D.,  and  Ware,  J.R.  (1969) 


(Technical 


Report  No.  69-8).  Human  Resources  Research  Office.  (Full  synopsis 
in  Appendix  A) . 


Task;  Target  detection,  identification  by  AFV  commander,  using 
different  night  vision  display  systems. 

Stressors:  Sleep  deprivation  •  5  days,  limited  to  3  80-min  cat  naps 
per  24  hrs. 

Notes:  Important  study.  Detection  performance  impaired  (see 
classified  details). 


Duncan,  Chester  E.,  Sanders,  Michael  C.,  Kimball,  Kent  A.  (1980). 


Fort  Rucker,  AL;  Army  Aeromedical  Research  Lab. 


Task:  Piloting  Army  aircraft. 

Stressors;  Various  flight  conditions,  particularly  night  time  and 
nap -of -earth  flying. 

Motes;  Questionnaire  survey  of  Army  aviators.  Generated  different 
fatigue  racings  for  different  flight  profiles.  Possibly 
useful  list  of  factors  Influencing  pilot  fatigue  shown  on  pg 
34  &  54. 


Dupuy,  T.N.  (1979).  The  Effects  of  Combat  Losses  and  Fatigue  on  Combat 
Performance .  Historical  Evaluation  and  Research  Organization.  (US 
Government  Limited  document).  Fort  Monroe,  VA;  Training  and 


Doctrine  Command.  (Abbreviated  Synopsis  In  Appendix  B) . 
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Easterbrook,  J.A.  (1959).  The  effect  of  emotion  on  cue  utilization  and 
the  organization  of  behaviour.  Paveholoaical  Review.  183*207. 


Edwarda,  A.S.  (1941).  Effeete  of  the  loss  of  100  hours  of  slec|>.  A.mer . 
J.  Psvchol..  80*91.  (Abbreviated  Synopsis  in  Appendix  B) . 

Egbert,  Robert  L. ,  Heeland,  Tor  et  al.  (19S8).  Elghtflg  1;  A  BtU^Y  gf 
affective  and  ineffective  combat  nerforaara.  Human  Resources 
Organization. 

Task;  Identify  psychological  attributes  that  differentiate  between 
men  In  Korean  war  classed  as  "fighters"  &  "non* fighters . " 
Stressors:  Combat  (Korea). 

Notes:  Fighters  &  non-fighters  identified  by  peer  nomination  pro¬ 
cedure.  Specific  examples  of  good  &  poor  performance  were 
required.  40  psychological  tests  administered  that  showed  a 
number  of  differences  between  good  &  poor  performers. 

Egbert,  Robert  L. ,  Maeland,  Tor.,  Cline,  Victor  B.,  Forgy,  Edward  W. , 
Splckler,  Martin  W.  and  Brown,  Charles.  (1957).  Fighter  1:  An 
Analysis  of  Combat  Fighters  and  Non-Fighters.  (Technical  Report 
44).  Presidio  of  Monterey,  CA;  U.S.  Army  Leadership  Human  Research 
Unit. 

Elkin,  A.J.,  and  Murray,  D.J.  (1974).  The  effects  of  sleep  loss  on 
short-term  recognition  memory.  Canadian  Journal  of  Psychology. 
192*198. 

Ellingstad,  V.S.,  and  Heims tr a,  N.W.  (1970).  Performance  changes  during 
the  sustained  operation  of  a  complex  psychomotor  task.  Ergonomics . 
1^(6)  693-705.  (Abbreviated  Synopsis  in  Appendix  B) . 

Emanskl,  J.J.  (1977).  Continuous  land  combat.  (Tech  Report  No.  4940). 
Menlo,  Park,  CA;  SRI  International. 

Task:  All  aspects  of  continuous  land  combat. 

Stressors;  Day  and  night,  all  weather  operations.  Chemical,  bio¬ 
logical,  radiological  warfare. 

Notes:  Useful  as  description  of  requirements  for  continuous  opera¬ 
tions.  Section  10  emphasizes  fatigue,  requirement  to  oper¬ 
ate  at  night,  to  operate  buttoned  up,  and  to  experience  CBR 
and  nuclear  horror  as  the  major  human  factor  problems. 

Englund,  C.E.,  Naitoh,  P.,  Ryman,  O.H.,  Hodgdon,  J.A.  (1983).  Moderate 
Physical  Work  Effects  on  Performance  and  Mood  During  Sustained 
Operations  (SUSQPS).  (Report  No.  83*6).  San  Diego,  CA:  Naval 
Health  Research  Center.  (Full  Synopsis  in  Appendix  A). 

Englund,  Carl  E.  ,  Ryman,  David  H.,  Nai.toh,  Paul  and  Hodgden,  James  A. 

(1985).  Cognitive  performance  during  successive  sustained  physical 
work  episodes.  Psychonomic  Society,  Inc.  In  Behavior  Research 
Methods.  Instruments.  6i  Computers.  12(1).  (Full  Synopsis  in  Appen¬ 
dix  A) . 
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Ernstlng,  J.  (Ed.)  (1933).  Sustained  Intanaive  air  operations:  physio¬ 

logical  and  performance  aspects.  Proceedings  of  the  NATO  Advisory 
Croup  for  Aerospace  R&D  (AQARD) .  Aerospace  Medical  Panel  Special¬ 
ists'  Meeting  at  Paris,  Franca.  Loughton,  Essex,  United  Kingdom: 
Specialised  Printing  Services,  Ltd. 

Task:  Various  -  collection  of  symposium  papers. 

Stressors:  Sustained  operations. 

Notes:  Sea  papers  by:  Klainhanss;  Ursin;  Storm;  Kimball;  Sanders; 
Nicholson;  Angus,  Vegnann;  and  O’Donnel. 

Evans,  F.J.,  and  Ome,  M.T.  (1975).  Recovery  from  fatigue.  (Final 

report  on  Contract  No.  DADA  17-71-C-1120) .  Washington,  D.C:  U.S. 
Army  Medical  Research  and  Development  Command. 

Task:  Successive  subtraction;  random  number  generation. 

Stressors:  36  hrs  of  continuous  work.  U  hrs  of  recovery  sleep. 
Notes;  Study  of  different  kinds  of  nappers  (who  may  differentially 
benefit  from  naps);  also  one  study  of  continuous  (36  hr) 
work.  Poor  selection  of  performance  testa  and  administra¬ 
tive  procedures. 

Evans,  W.J.,  Vinsmann,  F.R, ,  Pandolf,  K.B.,  and  Goldman,  R.F.  (1980). 
Self-paced  hard  work  comparing  men  and  woman.  Ergonomics .  22(7) , 
613'621.  (Full  Synopsis  in  Appendix  A) . 

Fenz,  W.D.  and  Craig,  J.G.  (1972).  Autonomic  arousal  and  performance 
during  sixty  hours  of  sleep  deprivation.  .and,  ttgtgl 

Skills.  2^,  543-553. 

Task:  Speech  perception,  rhythm  test,  tapping  test;  trail  making 
test;  sensory  perception  test. 

Stressors:  60  hrs  without  sleep. 

Notes;  Short  laboratory  tests  administered  only  during  morning  and 
evening.  Predictably,  only  limited  effects  on  performance 
during  latter  stages  of  the  60  hour  period. 

Fenz,  W.E.  and  Jones,  B.  (1972).  The  effect  of  uncertainty  on  mastery 
of  stress:  A  case  study.  Psychophysiology.  £.  615-619. 

Fine,  B. ,  and  Kobrick,  J.  (1987),  Effect  of  heat  end  chemical  protective 
clothing  on  cognitive  performance.  Aviation.  Space,  and  Environ¬ 
mental  Medicine.  2Ai  149-154.  (Abbreviated  Synopsis  in  Appendix  B) . 

Fine,  Bernard  J.,  and  Kobrick,  John  L.  (Date  unknown;  post  1983).  Sus¬ 
tained  Human  Performance  in  the  Heat:  Summary  of  an  On-going 
Systematic  Research  Program.  Natick,  MA:  U.S.  Army  Research  In¬ 
stitute  of  Environmental  Medicine. 

Fiorica,  V.,  Higgins,  E. ,  lampietro,  M.,  and  Davis,  A.  (1968).  Physio¬ 
logical  rasponsec  of  men  during  sleep  deprivation.  J .  of  AppI . 
Phvsiol..  24(2),  167-176. 

Floyd,  W.F.,  and  We 1 ford,  A.T.  (Eds.)  (1953).  Symposium  on  Fatigue. 
London:  H.K.  Lewis  &  Co. 
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Forbes,  J.L.  (1986).  Training  lessons  learned  from  peak  performance 
eptsQdea .  U.S.  Army  Research  Insc.  for  the  Behavioral  and  Social 
Sciences . 

Folkard,  Simon,  and  Condon,  Ruth.  (1987).  Night  shift  paralysis  in  air 
traffic  control  officers.  Ergonomics.  i£(9),  13S3>1363. 

Francasconl,  R.P.,  Stokes,  J.V.,  Banderet,  L.E.,  and  Koval,  D.M.  (1978). 
Sustained  operations  and  sleep  deprivation:  Effects  on  indices  of 
stress.  Aviation.  Space,  and  Environmental  Medicine.  1271- 
127^.  (Abbreviated  Synopsis  in  Appendix  B) . 

Frazier,  T.W.,  Benlgnus,  V.A.,  Every,  M.G,,  and  Parker,  J.F.  Jr.  (1971). 
Effect,!  of  72 -Hour  Partial  Sleep  Deprivation  on  Human  Behavioral  and 
Physiological  Raaoonsa  Measures.  Fslls  Church,  VA:  BloTechnology 
Inc.  (Abbreviated  Synopsis  in  Appendix  B) . 

Friedmann,  J. ,  Globus,  G.,  Huntley,  A.,  Mullaney,  D. ,  Naitoh,  P. ,  & 
Johnson,  L.C.  (1977).  Performance  and  mood  during  and  after 
gradual  sleep  reduction.  Psvchophvs iologv .  I4,  243-2S0. 

Task:  Word  memory,  digit  span,  vigilance  (auditory),  addition, 
rapid  alternation  task  (button  pushing). 

Stressors;  Progressive  reduction  (over  6*8  mos)  of  sleep  allowed 
down  to  4.5  to  5.5  hrs/nlte. 

Notes:  Authors  claim  no  measurable  performance  effects.  Subjects 
lived  at  home.  Testing  occurred  periodically  at  Naval 
Health  Research  Center  and  took  place  on  a  single  day. 
Subjective  fatigue  definitely  occurred.  No  discussion  of 
possible  uncontrolled  napping. 

Froberg,  J.E.,  Karlsson,  C.G.,  Levi,  L. ,  and  Lidberg,  L.  (1975).  Circa¬ 
dian  rhythms  of  catecholamine  excretion,  shooting  range  performance 
and  self-ratings  of  fatigue  during  sleep  deprivation.  Biol . 

Psvchol. .  2,  175-188. 

Task:  Firing  electronic  rifle  at  small  moving  targets. 

Stressors;  72  hrs  without  sleep,  95dB-C  recorded  battle  noise, 
confinement  to  chair  on  range. 

Notes:  Progressiva  decreases  in  number  of  shots  and  number  of  hits 
over  the  72  hr  period.  Circadian  effects  also  shown  that 
followed  the  curves  for  adrenaline  secretion. 

Frost,  Dean  E. ,  Fiedler,  Fred  E. ,  Anderson,  Jeff  W.  (1983).  The  role  of 
personal  risk-taking  in  effective  leadership.  Duquesne  U,  School  of 
Business  &  Administration.  Human  Relations.  2i,{2) ,  185-202. 

Furman,  J.S.,  and  Wampler,  R.L.  (1982).  Methodology  for  Evaluation  of 
Unit  Tactical  Profielencv  at  the  National  Training  Center.  (Master's 
Thesis).  Monterey,  CA:  Naval  Postgraduate  School. 

Task:  Infantry  and  armor  battle  operations. 

Stressors:  Throat  of  defeat  by  OPFOR. 
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Notes:  Contains  useful  Infonsatlon  on  how  NTC  operates;  discusses 
need  for  better  methods  of  evaluating  tactical  proficiency. 
Appendix  lists  NTC  training  missions,  MOE's,  MOP's.  Mea¬ 
sures  used  at  NTC  described. 

Futtarer,  J.W.  (1983).  Preliminary  Reeults  of  a  Psychologist* a  Observa¬ 
tion  and  Partieioatton  with  a  Combat  Unit  during  Continuous  Ooera- 
tions .  El  Paso,  TX:  William  Beaumont  Army  Medical  Center.  (Ab¬ 
breviated  Synopsis  in  Appendix  B) . 

Gal,  Reuven.  (1986).  Yesterday* s  Conventional  Warfare  -  Tomorrow's 
Nuclear  Warfare?  The  Israeli  Institute  for  Military  Studies. 

Gander,  Philippa  H. ,  and  Graeber,  R.  Curtia.  (1987).  Sleep  in  pilots 
flying  short-haul  commercial  schedules.  Ergoncmics .  .^(9),  1365- 
1377. 


Garg,  A.,  and  Saxena,  U.  (1979),  Effects  of  lifting  frequency  and  tech¬ 
nique  on  physical  fatigue  with  special  reference  to  psychophysical 
methodology  and  metabolic  rate.  Am.  Ind.  Hvg.  Assoc.  J..  40(10^ . 
894-903.  (Abbreviated  Synopsis  in  Appendix  B) . 

Gartner,  Walter  B. ,  and  Murphy,  Miles  R.  (1976).  Pilot  Workload  and 
Fatiaue:  A  Critical  Survey  of  Gonceots  and  Assessment  Techniques. 
Moffett  Field,  CA;  NASA,  Ames  Research  Center. 

Task;  N/A.  Review  article  (158  refs)  on  problems  of  defining 
fatigue  and  measuring  it. 

Stressors ;  Fatigue,  workload. 

Notes:  May  be  useful  if  we  get  into  problems  of  definition. 

Geier,  R.P.  (1979),  Sleep  loss;  A  debt  that  must  be  paid.  Armor. 
37-38. 

Ta.ik:  Effective  command  of  armor. 

Stressors;  Sleep  deficit. 

Notes;  Neat  popular  article  expressing  the  views  of  an  Army  armor 
officer . 

George,  Clay  E. ,  and  Dudek,  R.A.  (1974),  Performance,  recovery  and 

man-machine  effectivaneas :  Final  report  on  a  basic  research  program 
under  orolect  THEMIS.  (USAHEL  Report  No.  TM-9-74).  Aberdeen  Pro¬ 
ving  Ground,  MD:  US  Army  Human  Engineering  Lab. 

Task:  Various  -  a  review  article. 

Stressors;  Long-term  performance,  vibration,  heat. 

Notes :  Summary  of  5  years  of  research  purportedly  aimed  at  con¬ 
tinuous  operations.  Nothing  over  24  hrs  in  duration,  and 
that  limited  to  physiological  studies. 

Gertman,  David  I.,  Haney,  Lon  N.,  Jenkins,  James  P. ,  and  Blackman, 

Harold  S.  (1985).  Qnarational  Decisionmaking  and  Action  Selection 
Under  Pavcholoalcal  Stress  in  Nuclear  Power  Plants .  U.S.  Nuclear 
Regulatory  Commission. 
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Clambra,  L.M.  and  Naylor,  J.C.  (1966).  Combat  Incidents  Illustratina 
Pavcholoelcal  Raactlon  to  Waanona  »  A  Factor  Analysis  (U) .  (Final 
Raport  (July  1,  1965  -  March  31,  1966).  ATL'TR-66-43) .  Behavioral 

Seianeea  Laboratory,  Ohio  Staca  Unlvaralty. 

Taak;  Non>apaei£ic,  combat. 

Strasaora:  Fira  from  all  elaaaaa  of  waapona  uaad  In  Vietnam,  Korea. 

Clbba,  C.B.,  Leonardo,  R. ,  &  Rowlanda,  G.F.  (1968).  The  affacta  of 
paveholoalcal  atraaa  upon  dacialon  orocaaaaa  and  the  aoead  and 
praetaien  of  tracking  movamanta.  l!  Study  of  the  affacta  of  alaep 
daprlvatlon  and  dlaturbanea.  (NRC  Report  No.  NRC-10397,  NL-2). 
Ottawa,  Ontario,  Canada:  National  Raaaarch  Council  of  Canada. 

Taak:  (1)  Target  poaltion  tracking  where  direction  of  target 

movement  varied  in  probability  (the  atraaaalyzer) ;  and  (2) 
mirror  tracking. 

Straaaors:  48  hra  alaep  deprivation,  alao  disrupted  alaep. 

Notes;  Sharp  deterioration  in  tracking  raaponsa  after  20  hra  with¬ 
out  sleep;  further  deterioration  at  the  36  hr  atage.  In 
eome  subjects  sleep  dlaturbanea  at  0100  and  0500  produced 
more  loss  in  performance  chan  complete  alaep  deprivation  at 
same  atage  in  tea ting. 

Givoni,  B.,  and  Goldman,  R.  (1973a).  Predicting  heart  rate  response  to 
work,  environment,  and  clothing.  Journal  of  Applied  Physiology. 
iil(2),  201-204.  (Abbreviated  Synopsis  in  Appendix  B) . 

Givoni,  B.,  and  Goldman,  R.  (1973b).  Predicting  effects  of  heat  acclima¬ 
tization  on  heart  rate  and  rectal  temperature.  Journal  of  Applied 
Phvsioloav.  ii(6),  875-879. 

Glenvllle,  M. ,  Broughton,  R. ,  Wing,  A.M. ,  and  Wilkinson,  R.T.  (1978). 
Effects  of  sleep  deprivation  on  short  duration  performance  measures 
compared  to  the  Wilkinson  Auditory  Vigilance  Task.  Sleep .  1,  169- 
176.  (Abbreviated  Synopsis  in  Appendix  B) . 

Glenvllle,  Marilyn,  Wilkinson,  Robert  T.  (1979).  Portable  devices  for 
measuring  performance  in  the  field;  The  effects  of  sleep  depriva¬ 
tion  and  night  shift  on  the  performance  of  computer  operators. 
Ergonomics.  22(8).  927-933. 

Task:  Simple  RT,  four  choice  aerial  RT. 

Straasora:  Night  shift  work  (only  minor  sleep  deprivation). 

Notes:  Performance  teats  only  10  min  long.  Pronounced  differancu 

between  day  shift  and  night  shift  performance  but  only  after 
4-f  weeks  of  testing. 

Goldman,  R.F.  (1963).  Energy  expenditures  of  soldiers  performing  combat 
type  activities.  Ergonomics.  1,  321. 

Gordon,  D.A.  (1957).  A  Survey  of  Human  Factors  in  Military  Nleht  Opera¬ 
tions  .  Washington,  DC;  Human  Resources  Research  Office. 
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Gorham,  W.A. ,  and  Orr,  D.B.  (19?8).  Research  on  behavior  Imoalrment  due 
to  atresfi:  Experiments  in  impairment  reductior!.  (Final  Report, 
Project  No.  7707).  Washington,  DC*  American  Institutes  for 
Research. 

Task;  £.\M  complex  coordination  test,  SA.M  motor  judgement  test,  SAM 
direction  control  test,  vigilance,  mathematics. 

Stressors:  Electric  shock  (painful),  intense  electric  spark  acti¬ 
vated  few  inches  from  subject’s  face. 

Notes:  Only  study  encountered  with  tests  cf  apknclfic.  hypotheses 
about  how  to  reduce  effects  or  sttets  on  performance. 
However,  test  periods  were  short  (30  min).  Evidence  of 
genuine  fear  response  and  behavior  disoeganiration  among  the 
subjects . 

Grandjaan,  E.,  Baschcra,  P.,  Martin,  E. ,  and  Weber,  A.  (1977).  The 
effects  of  various  conditions  on  subjective  states  and  critical 
flicker  frequency.  In  Mackio,  Robert  R.  (Ed.)  Vigilance:  Theory . 
operational  performance  and  physiological  correlates.  New  York  and 
London:  Plenum  Press. 

Grandjaan,  E.P.,  Wotzka,  G. ,  Schaad,  R. ,  and  Gilgen,  A.  (1971).  Fatigue 
and  Stress  in  Air  Traffic  Controllers.  Ergonomics .  14.(1),  159-165. 

Task;  Air  traffic  control  performance  (not  measured).  CPF,  capping 
test,  grid  tapping  test. 

StresBorn;  The  Job  itself  •  performed  over  10  hr  period, 

Notes;  Notable  performance  decrements  on  experimental  tests  after  6 
hrs  on  Job. 

Grether,  Walter  F.  (1970).  Effects  on  human  performance  of  combined 
environmental  stressas.  (No.  70-68,  15  p.)  Wrlght-Patterson  Air 
Force  Base,  0:  Air  Force  Systems  Command,  Aerospace  Med  Res.  Lab. 

Gruber,  A.,  at  al.  (1965).  Development  of  a  MethoaoloRV  for  Measuring 
Infantry  Performance  in  Rifle  Firing  and  Reloading.  Dunlap  & 
Associates,  Inc. 

Gruber,  E.K.E.  (1966).  Adaptation  to  extreme  environments: _ Prediction 

of  performance .  (Report  No.  66-17).  San  Diego,  CA:  Navy  Medical 
Neuropsychiatric  Research  Unit. 

Gupta,  J.,  Swamy,  Y.,  Dlmri,  G...  and  Plchan,  C.  (1931).  Physiological 
responses  during  work  in  hot  humid  environments.  Ind.  Journ. 
Phvsiol.  Pharmae..  ii(4) ,  339-3A7.  (Abbreviated  Synopsis  in  Appen¬ 
dix  B). 

Hagberg,  J.,  Mullin,  J.,  and  Nagle,  F.  (1980).  Effect  of  work  lncansit> 
and  duration  on  recovery  0*.  J.  AppI.  Physiol.  .  4A(3) ,  540-54<i. 

Haggard,  D.F.  (1970).  HumRRQ  studies  in  contiruous  operations.  (HumRRO 
professional  paper  7-70).  Human  Resources  Research  Organization. 
(Full  Synopsis  In  Appendix  A). 
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Haggard,  Ernest  A.  (1949).  Psychological  Causes  and  Results  of  Stress, 
Chapter  21  in  a  Survey  Report  on  Human  Factors  in  Undersea  Warfare. 

Hamelln,  Patrick.  (1987).  Lorry  driver's  time  habits  in  work  and  their 
involvement  in  traffic  accidents.  Ergonomics .  ^(9),  1323'1333. 

Hanmerton,  H. ,  and  Tickner,  A.H.  (1968).  An  investigation  into  the 
effects  of  stress  upon  skilled  performance.  Ergonomics .  12(6), 
851-855. 

Task;  Learning  to  track  a  spot  on  CRT  into  desired  location 
quickly. 

Stressors;  Imminence  of  parachute  Jump. 

Notes:  Performance  was  affected  by  anxiety  associated  with  para¬ 

chute  Jtunp;  however,  anxiety  effects  can  be  reduced  through 
training. 

Hancock,  P.A.  (1986,  January).  The  Effect  of  Skill  on  Performance  Under 
an  Environmental  Stressor.  Aviation.  Space,  and  Environmental 

Usd Icing' 

Task:  Various  including  telegraphic  reception,  visual  signal  de¬ 
tection. 

Stressors;  Heat. 

Notes;  Not  relevant  unless  concerned  with  heat  stress;  good  refer¬ 
ences  on  this  stressor. 

Hai.*mon,  L.R.  ,  OrucUer,  A.J.  (1953).  Reasons  Given  bv  Souad  and.  Platoon 
Leaders  for  Judging  Soldiers  as  Failures  in  Combat,  TACO  Personnel 
Research  Branch,  Research  Hemorendum  53-52. 

Task;  None  given. 

Stressors;  None  given. 

Notes;  Title  misleading.  No  reasons  cited,  Just  a  sorting  scheme 
reflecting  number  of  nominations  received. 

Harris,  D.A. ,  Pegram,  G.V.,  and  Hartman,  B.O.  (1971).  Performance  and 
fatigue  in  experimental  double-crew  transport  missions.  Aerospace 
Medicine.  980-986. 

Task;  Various  crew  performance  tasks  -  rated  subjectively. 
Stressors;  4/4  vs.  16/16  work-rest.  43  hrs  (av.)  flying  time. 
Notes:  No  objective  performance  measures.  No  effects  on  rated 

performance.  No  differencial  effect  of  work-rest  pattern. 

Harris,  David  U.  (1985).  A  Degradation  Analysis  Methodolog;  for  Main¬ 
tenance  Tasks,  (Ma.eter's  Thesis),  Georgia  Institute  nf  Technology. 

Task;  Maintenance  tasks  on  M-60  machine  gun. 

Stressors:  Wearing  chemical  protective  clothing. 

Notes:  Primary  data  from  model  predictions.  Of  interest  if  con¬ 

cerned  with  protective  clothing  problem. 
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Harris,  F.  Gentry,  Mayer,  Joseph,  and  Becker,  Herman  A.  (1955).  Experi¬ 
ences  in  the  Study  of  Combat  In  Che  Korean  Theater.  Wa.shington,  DC- 
Valr;er  Reed  Amy  Institute  of  Research 

Harris.  W. ,  Mackie,  R.R.  and  Wilson,  C.L.  (1956).  Research  on  the  De- 

YttlWMBnt  gf.gtfTsQnntngJ  Critatia.  Tachnlfiftl..RftgggX  IV: _ Performance 

under  stress:  A  review  and  erlttoue  of  recent  studies.  (Technical 
Report  204-6).  Goleta,  CA:  Human  Factors  Research. 

Notes;  Describes  several  types  of  research  paradigms  used  in 
research  on  stress  and  probable  reasons  for  diverse 
outcomes . 

Harris,  W.  and  O'Harlon,  J.  F.  (1972).  A  study  of  rocoverv  functions  in 
man.  (Technical  Report  1723'F).  US  Amy  Human  engineering  Labora¬ 
tory  Technical  Memo  10-72.  Goleta,  CA;  Human  Factors  Research, 

Inc.  (Abbreviated  Synopsis  in  Appendix  B) . 

Hartman,  B.  (1962),  FfltUwt  BfftfiCa.  in,24.:httur  .ainmlflttd  tranaptfrt 

light.  Change  in  pilot  proficiency.  (Tech.  Report,  SAM-TR-65-  17). 
Brooks  AFB,  TX;  USAF  School  of  Aerospace  Med. 

Hartman,  B.O.  (1971).  Field  study  of  transport  aircrew  workload  and 
rest.  AtrOfiPflCe  iltl,  617-821. 

Task:  Flying  C-141's. 

Stressors:  9  days  of  operations  with  44. S  hrs  of  flying. 

Notes:  Crewman  had  plenty  of  opportunity  to  sleep  (av.  -  7.3  hrs). 
Hartman,  B.O.,  and  Cantrell,  C.K.  (1967).  MQL:  Craw 
Performance,  on  , Demandina  Work-Rest  Schedules  Compounded  bv 
Stgep  Deprivation.  (Technical  Report  67-99).  Brooks  AFB, 

TX;  School  of  Aerospace  Medicine. 

Task;  Complex  coordination;  multi -dimensional  pursuit;  vigilance; 

ST  memory;  arithmetic;  tracking;  multiple  reaction  time. 
Stressors;  Continuous  work  for  3  days  without  sleep,  following  7 
days  of  work  on  different  work/rest  schedules . 

Notes;  Very  comprehensive  study.  Data  on  both  performance  decre¬ 
ment  and  recovery. 

Hartman,  B.O.,  Eenel,  R.A.,  &  Storm,  W.F.  (1980).  A  review  of  USAFSAM 
studies  emoloYing  multiple -cask  performance  devices.  (SAM  report 
No.  TR  80-16).  Brooks  Air  Force  Base,  TX:  USAF  School  of  Aerospace 
Medicine . 

Hartman,  B.O.,  Stom,  W.F.,  Vanderveen,  J.E.,  Vanderveen,  E.  ,  Halo,  H.B.  , 
&  Bollinger,  R.R.  (1974).  Operational  aspects  of  variations  in 
alertness .  (AGARDograph  No.  89).  London:  Technical  Editing  and 
Reproduction  Ltd. 

Hartmen,  B.O. ,  Langdon,  D.E.,  and  McKenzie,  R.E.  (1965).  A  third  study 
on  psrformsncs  upon  suddsn  swakening.  (Rsport  No.  SAM-TR-65-63) . 
Brooks  Air  Force  Bese,  TX:  USAF  School  of  Aerospec*  Medicine. 

Task;  Multi -dlmeneionel  pursuit  test  (eircrefc  rudder,  stick,  and 
throttle  edjuetmsncs) . 
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Stressors;  Sudden  awakening  from  sleep;  immediate  task  performance 
after  no  more  than  2  oln.  delay. 

dotes:  Task  took  10  minutes.  Ho  evidence  of  recovery  to  pre-sleep 
levels  of  performance  during  chat  time. 

Hashlmoto,  K. ,  Kogl,  K. ,  and  Crandjean,  E.  (Eds.)  (1971).  Methodology 
In  Human  Fatleua  Assessment.  London.  Taylor  and  Francis. 

Haslam,  Diana  R.  (1981).  The  Military  Performance  of  Soldiers  In  Con¬ 
tinuous  Operations:  Exercises  'Early  Call*  I  and  II.  In:  The 
Twenty  Four  Hour  Workday:  Proceedings  .of  a  Symposium  on  Variations 
In  Work-Sleep  Schedules.  Cincinnati,  Ohio:  U.S.  Dept,  of  Health  & 
Hunan  Services.  (Full  Synopsis  in  Appendix  A). 

Haslam,  D.R.  (1982).  Sleep  loss,  recovery  sleep,  and  military  perfor¬ 
mance.  Ergonomics .  2^(2),  163-178.  (Full  Synopsis  In  Appendix  A). 

Haslam,  D.R.  (1984).  The  mllltar>'  performance  of  soldiers  In  sustained 
operations.  Aviation  Space  and  Environmental  ■Medic Ine .  ii(3) , 
216-221.  (Abbreviated  Synopsis  in  Appendix  B) . 

Haslaru,  Diana  R.  (1985a).  Sleep  deprivation  and  naps.  Psychonomlc 

Society,  Inc.  Behavior  Research  Methods.  Instruments  &  Computers. 
i2(l)-  (Abbreviated  Synopsis  In  Appendix  B). 

Haslam,  Diana  R.  (1985b),  Sustained  operations  and  military  perfor¬ 
mance.  Psychonomlc  Society,  Inc,  In  Behavior  Research  Methods . 
Instruments.  &  Computers.  17(1).  (Full  synopsis  In  Appendix  A). 

Haslem,  W.J.  (1986),  Twelve  Testing  Mistakes .  Army  Research.  Develop- 
ment._and  Acoui.sltlon  Magazine.  71W  ■ 

Hastings,  M.,  Jenkins,  S.  (1983).  Goose  Green,  from  Battle  lor  the 
Falklands ,  W.  W.  Norton  and  Co. 

Kavron,  M. ,  Lybrand,  William  A.,  and  Cohen,  Edwin.  (1954).  The  Assess¬ 
ment  and  Prediction  of  Rifle  Squad  Effectiveness.  (PRB  TR  Ho.  31.) 
Washington,  DC;  Psychological  Research  Associates . 

Hayes,  Theodore  R.,  Chevalier,  John  R. ,  and  Porter,  Craig  D.  (1985). 
Chemical  Warfare  Individual  Protective  Equipment.  (SECRET).  DTIC. 

Task:  F-16  sortie  generation. 

Stressors:  Wearing  Individual  protsctlve  equipment  (IPE),  heat, 
fatigue. 

Notes:  Effects  of  heat  and  fatigue  were  modelled  and  estimates  of 

performance  degradation  made.  Much  subj active  Input.  Values 
and  sources  not  explicit. 

Headley,  D.B.,  Bracht-Clark,  J.  6i  Wittenberg,  J.A.  (1988)  The  Effects 
of  the  Chemical  Defense  Ensemble  and  Extended  Operations  on 
Performance  and  Endurance  of  Combat  Vehicle  Crews.  (ARI  Technical 
Report  No.  811)  Alexandria,  VA:  Army  Research  Institute.  (DTIC 
No.  ADD13168B). 
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Note;  Contains  data  on  various  studies  of  crew  endurance  wearing 
MOPP  gear. 

1 

Hegge,  Frederick  U.  (1982).  The  Future  Battlefield:  Human  Dimensions 
I  and  Imallcatiors  for  Doctrine  and  Research.  Washington,  DC:  Walter 

I  Reed  Army  Inst,  of  Research.  (Abbreviated  synopsis  in  Appendix  B) . 

I 

Heimstra,  N.W.  (1970).  The  Effects  of  Stress  Fatigue  on  Performance  in 
j  a  Simulated  Driving  Situation.  Ergonomics .  12(2),  209>218, 

! 

Task:  Tracking  (simulated  driving) ,  Speed  maintenance,  reaction 
time,  vigilance. 

Stressors;  Electric  shock,  6  hrs  continuous  operation. 

Notes;  Of  possible  interest  because  punishment  by  shock  in  response 
!  to  performance  errors  led  to  groater  deterioration  of 

performance. 

Herbert,  Marvin  J..  Jaynes,  William  E.  (1963).  Performance  decrement  in 
vehicle  driving.  Ft.  Kncx,  KY:  Army  Medical  Research  Lab. 

Herr,  Michael.  (1980).  Dispatches.  New  York:  Avon  Publishers. 

Heslegrave,  R.J.,  &  Angus,  R.G.  (1935).  The  effects  of  task  duration 
and  work- session  location  on  performance  dogradation  Induced  by 
sleep  loss  and  sustained  cognitive  work.  Faychonomlc  Society  Inc; 
Behavior  Research  Methods.  Instruments  &  Computers.  12,  592-603. 
(Abreviated  synopsis  in  Appendix  B) . 

Heslegrave,  R.J.,  and  Angus,  R.G.  (1983).  Sleep  Loss  and  Sustained 
Performance.  In:  Proceedings  .of  the  24eh  Defense  Research  Group 
Seminar  on  The  Human  as  a  Limiting  Element ■_ip  Military  Systems. 
(Volume  I).  Toronto,  Canada, 

Task;  Message  processing,  serial  RT,  encode/decode,  logical 
reasoning,  subtraction,  ST  memory,  paired  associates 
learning,  map  plotting. 

Stressors:  54  hrs  without  sleep. 

Notes;  This  is  essentially  the  same  study  as  Angus  &  Heslegrave 

(a304) .  It  is  u  key  study,  performed  under  simulated  com¬ 
mand  post  operations  during  sustained  battle. 

Hicks,  S.A.  (1960).  The  effects  of  eight  hours  confinement  in  mobile 

armored  personnel  carriers  on  selected  combat  relevant  skills:  Study 

II.  Tech  Memo  17-60,  USAHEL. 

Task:  Rail  walking  -  equilibrium,  obstructed  run  teat  -  atamira  'nd 
coordination,  rifle  firing,  grenade  throwing. 

Stressors;  8  hrs  confinement  in  AFC. 

Notes;  Subjects  experienced  significant  loss  in  equilibrium  & 

coordination.  Effects  on  rifle  firing  and  grenade  throwing 
uncertain. 

Hicks,  S.A.  (1961a).  The  effects  of  twelve  hours  confinement  in  static 
armored  personnel  carriers  on  selected  combat  relevant  skills.  Study 

III.  Tech  Memo  1-61,  USAHEL. 
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Hicks,  S.A.  (1961b).  The  effects  of  twelve  hours  confinement  In  mobile 
arn.ored  personnel  carriers  on  selectod  combat  reJevanC  skills:  Study 
n-  Toch  Memo  2-61,  USAHEL. 

Hicks,  S.A.  (1961c).  The  af facts  of  twantv-four  hours  confinement  in 
mobils  armored  personnel  carriers  on  sslactsd  combat  relevant 
skills:  Study  V.  T*ch  Memo  23’51.USAHEL. 

Hicks,  Ssmusl  A.  (1962).  Tha  affects  of  twenty- fe>ur  hours  confinement 
in  mobile  armored  personnel  carriers  on  selected  combat  relevant 
skills:  a  follow  up.  Aberdeen  Proving  Ground,  MD;  U.S.  Army. 

Hicks,  S.A.  (1964).  The  Effects  of  Confinement  on  tha  Performance  of 
Combat  Relevant  Skill  •  Summary  Report.  (Technical  Memorandum 
16-64).  Aberdeen  Proving  Ground,  MO;  U.S.  Army  Human  Engineering 
Laboratories . 

Task;  Obstructed  run  course,  grenade  throw  course,  rail-walking 
course,  rifle- fire  course. 

Scressoru:  Confinement  up  to  24  hra  in  Armored  Personnel  Carrier; 

heat,  vibration,  noise,  blast,  cramping,  air  pollution, 
sleep  deprivation. 

Notes;  Concludes  that  performance  degradation  in  motor  coordina¬ 
tion,  equilibrium  &  marksmanship  seen  in  previous  stiidies 
(see  Hicks,  1962,  (#367))  are  relatively  transient;  also, 
decrements  will  become  smaller  with  repeated  confinements. 

Hill,  A.  Bradford,  andVilliams,  G.O.  (1979).  An  Investigation  of 
Landing  Accidents  in  Relation  to  Fatigue.  In  Aircrew  Stress  in 
Wartime  Operations..  Papers  from  the  Flying  Personnel  Research 
Committee  of  the  Ministry  of  Defense.  London;  Academic  Press. 

Note.s;  See  Dearnaley  and  Warr,  1979. 

Hockey,  Robert  (Ed.)  (1983).  Stress  and  Fatigue  in  Human  Performance. 

John  Wiley  &  Sons. 

Tasks;  Various.  A  review  of  research  with  little  specific  help  for 
present  objectives. 

Hockey,  G.R.J.  (1970a).  Changes  in  attention  allocation  in  a  multicom¬ 
ponent  cask  under  loss  of  sleep.  British  Journal  of  Psychology. 
473-480.  (Abbreviated  Synopsis  in  Appendix  B) . 

Hockey,  G.R.J,  (1970b).  Effect  of  loud  noise  on  attentlonal  selecti¬ 
vity.  QuartArlv  j.ournal_of  _Exoeriniental  Psychology.  21,  28-36. 

Task;  Target  tracking  (central  visual  field);  visual  monitoring  of 
peripheral  light  flashes. 

Stressors:  Broad  band  noise  (100  dB) . 

Notes:  Noise  actually  improved  cracking  performance  while  simul¬ 
taneously  reducing  rate  of  detecting  peripheral  signals. 
Author  ascribes  results  to  increased  selectivity  of  attan- 
tion  with  higher  levels  of  arousal. 


C-24 


Hockay,  G.R.J.  (1973).  Effects  of  noiaa  and  ilaeo  loss  on  observation 
pf  3  sources  of  slpials  with  unequal  probabilities .  London , 

England:  Royal  Naval  Personnel  Research  Cooimictee. 

Task:  Detect  red  flashing  signal  while  monitoring  3  sources  of 
signals . 

Stressors;  Noise  (lOOdSa) ,  sleep  loss  (26  hrs). 

Notes:  Noise  has  beneficial  effect  In  stimulating  concentration  on 
most  probable  signal  sources,  but  Increases  number  of  misses 
as  time  at  the  task  Increases. 

Hodge,  D.C.,  Editor.  (1972).  Military  Requirements  for  Research  on 
Continuous  Operations.  (Technical  Memo  12*72).  Aberdeen  Proving 
Grounds,  MD.  US  Army  Human  Engineering  Laboratory. 

Task:  Continuous  operations,  generally.  A  number  of  papers,  with 
various  tasks. 

Streusors:  Long'term  performance,  heat,  vibration,  muscular  work, 
noise . 

Notes;  Contains  good  introduction  on  research  neods  for  continuous 
operations.  Also  contains  Morgan  and  Alluisi  article  on 
sustained  performance. 

Holgate,  Stanley  H.  (Date  uncertain) .  Thg  Effsctg ,gf.  Cqmbflt,9n  Small 
Unit  Cohesion  and  Bonding.  Ft.  Bragg,  No.  Carolina:  U.S.  Army 
Medical  Research  Unit,  Ualter  Reed  Army  Inst. 

Holland,  G.  (1967).  Effects  of  limited  sleep  deprivation  on  performance 
of  selected  motor  tasks.  The  Research  Quarterly.  2i(2) ,  285-29A. 

Tasks;  2  short  motor  tasks:  Jumping  through  patterned  footsteps  and 
manual  manipulation  test.  One  extended  duration  bicycle 
ergometer  task  (duration  not  stated). 

Results:  Significant  decrement  in  work  performance  found  in 
ergometer  task  following  sleep  deprivation. 

Hoyt,  E.P.  (1984).  The  Road  to  Yongdungpo,  from  On  to  the  Yalu.  Stein 
and  Day . 

HQ  U.S.  Army.  (1966).  Battlefield  Reports:  A  summary  of  lesaons 
learned.  Volume  II.  1  October  •  31  December  1965.  Vietnam. 

HQ  U.S.  Army.  (1967).  Battlefield  Reports:  A  summary  of  lessons 
learned.  Volume  III.  Vietnam. 

Hudgens,  G.A.,  Torre,  J.P.,  Chatterton,  R.T.,  Uansack,  S.,  Fatkin,  L.  , 
and  Deleon-Jones ,  F.  (1985).  Development  of  Procedures  for  Ob¬ 
taining  Performance  Data  Under  Conditions  Approximating  Combat 
Stress.  Proceedings  of  the  Fifth  Users*  Workshop  on  Combat  Stress. 
Health  Services  Command.  Fort  Sam  Houston,  TX. 

Task;  No  performance  tests  proposed.  Psychological  and  physio¬ 
logical  data  to  be  gathered. 
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Straasors:  (a)  caking  axam  crucial  Co  nedlcal  career;  (b)  men 

whose  wives  face  major  surgery;  and  (c)  film  of  crudi 
surgical  procedures. 

Notes:  Description  of  work-in-progress,  no  daCa.  7.e  stressors 

seem  to  bear  an  uncertain  relationship  to  combat  stressors. 

Hudgens,  G.A.,  Torre,  J.P.,  Chacterton,  R.T. ,  Uansack,  S.,  Fatkin,  L. , 

and  Deleon-Jonas,  F.  (1983).  Problems  in  Modeling  Combat  Stress:  A 
Program  to  Heat  the  Challenge.  Proceedlnfs  of  Tenth  Biennial 
Paveholofv  in  the  DoD  Symposium.  USAF  Academy. 

Hudgens,  Gerald  A. ,  and  Fatkin.  Linda  Torsanl.  (1986).  Sax  Differences 
in  Risk  Taking:  Repeated  Sesatona  on  a  Computer  -  Simulated  Task. 
(Technical  Memo  2/86).  Aberdeen  Proving  Ground,  MD;  U.S.  Army 
Human  Eng.  Lab. 

Hughes,  A.L. ,  and  Goldman,  R.f.  (1970).  Energy  cocc  of  "hard  work." 
Journal  of  Applied  Phvsloloev.  22(5).  S70-S72.  (Full  Synopsis  in 
Appendix  A) . 

Human  Resources  Research  Center.  (19S1) .  Review  of  Research  on  Effects 
of  Psychological  Stress  Upon  Performance.  (R8-S1-28).  San  Antonio, 
TX. 

Human  Resources  Research  Organization.  (1967).  Critical  Combat  Perfor¬ 
mances.  Knowledges,  and  Skills  Reaulred  of  the  Infantry  Rifle  Pla¬ 
toon  Leader:  Cover.  Concealment,  and  Camouflage.  Alexandria,  VA, 

Idzlkowski,  Chris  and  Baddeley,  Alan.  (1987).  Fear  and  performance  in 
novice  parachutists.  Ergonomics.  2^(10),  1463-1474. 

Ilgen,  D.,  at  al.  (1967).  The  Effect  of  Leadership  Style  Upon  Perfor¬ 
mance  and  Adjustment  in  Volunteer  Teams  Operating  In  a  Stressful 
Foreign  Environment.  Urbans,  IL;  University  of  Illinois. 

Task:  Public  health  &  community  development  work;  leadership  of 
small  groups . 

Stressors:  Being  away  from  home,  family.  Isolation,  primitive 
living  conditions,  uncooperative  natives. 

Notes:  Not  relevant  to  our  Interests. 

Johns  Hopkins  University.  (1952).  Fatigue  and  Stress  Symposium.  Opera¬ 
tions  Research  Office.  24-26. 

Task:  Nona  specified  •  combat  in  general. 

Stressors:  Fatigue  and  other  battlefield  stressors. 

Notes:  Interesting  presentations  by  S.L.A.  Marshall  and  a  number  of 
scientists  on  what  is  known  about  fatigue  on  battlefield. 

It  is  concluded  that  present  knowledge  of  fundamental 
underlying  mechanisms  of  fatigue  6.  stress  is  inadequate  to 
define  degree  of  Impairment. 

Johnson,  L.C.  (1974).  Sleep  loaa  and  sleep  deprivation  as  an  opera¬ 
tional  problem.  (Rpt  No.  74-45).  San  Diego,  CA:  US  Naval  Health 
Research  Center. 
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Taak:  General- or lanted  toward  military  aviation.  \  dlscu.>islon 
paper. 

Stressors:  Partial  or  complete  sleep  deprivation  -  primarily  In 
36*48  hr  range. 

Notes:  K  shorter  version  of  #109  (Johnson  &  Naltoh,  1974).  States 
that  short  of  prolonged  sleep  loss  (greater  than  60-72  hrs) 
It  Is  difficult  to  state  what  effects  0'\  performance  will 
be.  However,  sleep  loss  potentiates  other  conditions  that 
affect  performance. 

Johnson,  L.C.  (1979).  Sleep  Disturbance  and  Performance.  Advisory 

Group  for  Aerospace  Research  and  Development  (ACARD) ,  Lecture  Series 
No.  105. 

Task:  Wilkinson  auditory  vigilance,  continuous  counting. 

Stressors:  Sleep  deprivation  (up  to  40  hrs  without  sleep.) 

Notes:  Difficult  to  find  a  significant  relationship  between  sleep 
quality  and  performance.  However,  the  time  of  day  sleep  Is 
obtained  and  when  performance  occurs  are  very  Important. 

Johnson,  L.C.  (1960).  Sleep  deprivation  and  performance.  (Report  No. 
80-21).  San  Diego,  CA:  US  Naval  Health  Research  Center.  (Abbrevi¬ 
ated  Synopsis  In  Appendix  B) . 

Johnson,  Uveme  C.  (post  1983).  Physiological  and  Behavioral  Responses 
to  the  Stress  of  Sleep  Loss.  San  Diego,  CA:  Naval  Health  Research 
Center.  (Abbreviated  Synopsis  In  Appendix  B) . 

Johnson,  L.C.  and  Naltoh,  P.  (1974).  The  Operational  Conseauencea  of 
Sleep  Deprivation  and  Sleep  Deficit.  Advisory  Croup  for  Aerospace 
Research  and  Development.  (Abbreviated  Synopsis  in  Appendix  B) . 

Joint  Chiefs  of  Staff.  (1969).  Catalogue  of  War  Gaming  Models.  Wash., 
DC:  Joint  War  Carnes  Agency,  The  Pentagon. 

Task:  N/A. 

Stressors:  N/A. 

Notes:  Catalog  otl  war  gaming  models  available  in  1969  according  to: 
air  defense,  air  strike,  amphibious  warfare,  anti  sub 
warfare,  chemical  warfare,  ground  ops,  guerilla  warfare. 
Joint/corps  ops,  mine  warfare,  supporting  arms,  tactical 
nuclear  weapons. 

Jones,  Austin.  (1959).  The  efficiency  of  utilization  of  visual  infor¬ 
mation  and  the  effects  of  stress.  Journal  of  Experimental  Psveho- 
IPgv-  i&(6). 

Task:  Recognition  of  visual  forms,  given  different  %  of  information 
transmission  about  the  forms. 

Stressors:  Electric  shock  at  different  levels. 

Notes:  Amount  of  shock  stress  was  monotonlcally  related  to  ef¬ 
ficiency  of  information  utilisation  and  recognition 
threshold. 
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Jorgensen,  K.  and  Poulsen,  E.  (1974).  Physiological  problems  in  repeci- 
tive  lifting  with  special  reference  to  tolerance  limits  to  the 
maximum  lifting  frequency.  Ergonomics .  •‘)l-39. 

Stressors:  Repeated  submaximal  lifts  with  4  relative  loads  and  3 
relative  frequencies. 

Tasks;  Repetitive  lifting  from  floor  to  table. 

Results;  Back  muscle  strength  and  oxygen  transport  system  limit 
lifting.  Lifting  frequencies  presented  for  relative 
loads  to  30%  of  maximum  lifting  capacity, 

Kamon,  E. ,  and  Balding,  H.  (1971).  The  physiological  cost  of  carrying 
loads  in  temperate  and  hot  environments.  Hunan  Factors.  12(2), 
153>16I,  (Abbreviated  Synopeis  in  Appet\dix  B) . 

Kane,  William  D.  (pcst*19a4).  Stress  and  Aircraft  Maintenance  Perfor¬ 
mance  in  a  Combat  Environment.  Western  Carolina  University. 

Kaplan,  Jonathan  D. ,  and  Crooks,  William  H.  (1980).  A  Concept  for 

Developing  Human  Performance  Specifications.  (Technical  Memo  7-80). 
Aberdeen  Proving  Ground,  MO;  U.S.  Army,  Human  Eng.  Lab. 

Kaufman,  Lynn  W, ,  Golembe,  Evelyn  d. ,  Seevers,  Michael  J.  (1986).  Bib¬ 
liography  of  Battle  Fatigue  Literature.  Army  Medical  Research  Unit. 
Europe . 

Task;  Not  applicable.  Unannotated. 

Stressors:  Combat. 

Notes;  Further  study  only  if  concerned  with  extreme  responses  to 
battle  stress. 

Kerle,  R.H.  and  Bialuk,  H.M.  (1958).  T^e  Construction.  Validation  and 
Application  of  a  Sub  1  active  Stress  Scale.  Fighter  IV.  (Study  23) . 
George  Washington  University,  Human  Resources  Research  Office. 

Task;  Develop  easy  to  use,  equal  Interval,  scale  of  negative 
affect. 

Stressors:  Fire  fighting,  rope  bridge,  on  site  at  nuclear 
explosion. 

Notes;  Exposure  to  stress  showed  some  shift  in  affective  state 
towa;:d  a  fear  response,  but  very  little  post  point  of 
indifference . 

Kern,  Richard  P.  (1966).  A  Conceptual  Modal  of  Behavior  Under  Stress. 
Implications  for  Combat  Training.  George  Washington  University. 

Task;  No  specific  tasks;  concern  is  with  ineffective  behavior 
generally. 

Stressors:  Fear,  lengthy  expoaure  to  combat. 

Notes;  Further  study  if  get  into  more  general  consideration  of 

stress.  Good  description  of  4  phases  of  performance  degra¬ 
dation  as  func:  ion  of  time  exposed  to  cumber. 
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Khalil,  T.,  Ganaidy,  A.,  Asfour,  S.,  Vlnciguarra,  T.  (1985).  Physio¬ 
logical  limits  In  lifting.  Am.  Ind.  Hvg.  Assoc.  J..  .  220- 

224.  (Abbraviattd  Synopals  in  Appandlx  B). 

Kimball,  Kant  A.  (1983).  Salactad  Factors  Affactlng  Aircraw  Parfomanca 
During  Suatalnad  Oparatlons.  In:  AGARD  Confaranca  Procaedlnga  No. 

HL _ Smtainad  Intanaiva  Air  Qoaraclena:  Phyaloleyleal  and  Perfor- 

maaca  Asoacta. 

Task:  Flying  UH-IH  halicoptar. 

Strassors:  4  hrs  of  flight  in  chanical  dafanaa  clothing  (hast 

atrasa) . 

Notaa:  Savara  physiological  affects  aftar  only  a  fav  hours  of 
flight. 

Kimball,  K.A.  and  Andaraon,  D.B.  (1975).  Aviator  parformanca:  Bio- 
chamical,  physiological  and  psychological  assassmant  of  pilots 
during  axtondad  halicoptar  flight.  In:  AGARD  Confaranca  Procaadinya 
MO...180.  Tha  Rola  of  the  Clinical  Laboratory  in  Aarosnace  Madlcine . 

King.  S.H.  Combat  Efflelancv  Ratines  Based  on  30-59  Davs  of  Qbsarvatlon. 
(Rasaarch  Memorandum  54-42).  TAGO  Personnel  Research  Branch. 

Task:  Rated  combat  efficiency  of  Army  officers  (as  a  function  of 
duration  of  observation  period) . 

Stressors:  N/A. 

Notes;  Not  relevant. 

Kish,  Francis  B.  Col.  (1982).  Cohesion:  Tha  Vital  Inyredlant  for  Sue- 
cassful  Army  Units.  Carlisle  Barracks,  PA:  US  Army  War  College. 

Task:  N/A.  This  Is  a  discourse  on  various  factors  influencing 
cohesion. 

Kissel,  H.  (1958,  July).  Panic  in  Battla .  Military  Review. 

Kjallbarg,  A.  (1977).  Sleep  deprivation  and  some  aspects  of  parfor¬ 
manca.  I.  Problems  of  arousal  changes.  Waking  &  Sleeping,  i, 
139-143. 

Task:  N/A  •  A  review  and  thaoratical  paper. 

Stressors:  Sleep  deprivation. 

Notes:  Author  suggests  that  effect  of  sleep  deprivation  is  to 

potentiate  tha  da-arouaing  affect  of  situational  variables. 

Klainhanss,  C.,  and  Schaad,  G.  (1983).  Sustained  Military  Operations 
With  Particular  Rafaranca  to  Prolonged  Exercise.  In:  AGARD  Confer - 
•net  .Pracaadinaa  llfl.lustainad  Intensive  Air  Operations: 
Physiological  and  Performance  Aipaeta. 

Task;  Choica  KT;  driving  simulator,  pistol  shooting;  auditory 
diraction  discrimination,  vigilAnca,  complex  psychomotor 
task. 

Strassors:  72  hrs  of  sustained  oparntions  with  only  2  hrs  slaap  on 
2  occasions  (aftar  36  and  60  hrs). 


C-29 


Notes : 


Reportedly  got  no  perfomence  degradation  although  no  data 
are  presented.  Authors  attribute  their  unusual  results  to 
the  motivation  of  their  subjects,  who  ware  paid  in  propor¬ 
tion  to  their  performance  effectiveness. 

Kleitman,  H.  (1963).  Sleep  and  Wakefulness.  Chicago;  University  of 
Chicago  Press. 

Kohn,  H.R.  lovard  a  Theory  og^favchulogtcal  Stress:  An  Interim  Report. 
Stead  AFB,  Nevada ;  Crew  Research  Laboratory,  Survival  Research  Field 
Unit. 

Task:  Develop  insights  helpful  to  Air  Force  personnel  in  under¬ 
standing  individual  reactions  to  stress. 

Stressors;  Failure  stress,  distraction  stress. 

Notes:  Pure  theory. 

Kolka,  H. ,  Martin,  B. ,  and  Elizondo,  R.  (1984).  Exercise  in  a  cold 
environment  after  sleep  deprivation.  Eur.  J.  AppI.  Phvsiol..  53, 
282-265.  (Abbreviated  Synopsis  in  Appendix  B) . 

Kollar,  E.J.,  Slater  Grant,  Palmer,  James  0.,  Docter,  Richard  F.  and 
Mandell,  Arnold  J.  (1966)  Stress  in  subjects  undergoing  sleep 
deprivation.  fiyghfiMmatU  MsdUlM .  2£l,  101-113, 

Kopstein,  F.,  Siegel,  A.,  Conn,  J.,  Caviness,  J.,  Slifer,  W, ,  Ozkaptan, 
K.,  and  Dyer,  F.  (1985).  Soldier  performance  in  continuous  opera- 

Stgni; _ administrative  manual  for  a  briefing  and  seminar  for  platoon 

and  BQuad  personnel.  (Research  Note  85-70).  U.S.  Army  Research 
Institute  for  the  Behavioral  and  Social  Sciences. 

Task:  This  is  training  course  material;  articles  in  appendix  are  of 
interest. 

Kopstein,  Felix  F. ,  Siegel,  Arthur  I.,  Wilson,  Lawrence  B.,  Ozkaptan, 

Halim.  (1979).  Human  Performance  in  Continuous  Operations:  Volume 
II.  Management  Guide.  Wayne,  PA;  Applied  Psychological  Services 
Inc.  (Abbreviated  Synopsis  in  Appendix  B) . 

Kopstein,  Felix,  Siegel,  Arthur,  Conn,  Joseph,  Caviness,  James,  and 

Slifer,  William.  (1965).  Soldier  Performance  in  Continuous  Opera¬ 
tions:  Administrative  Manual  for  a  Brief ins  and  Seminar  for  Command 
and  Staff  Personnel.  (Research  Note  85-69).  U.S.  Army  Research 
Institute  for  the  Behavioral  and  Social  Sciences.  (Abbreviated 
Synopeis  in  Appendix  B) . 

Kreager,  Robert  Allen.  (1986).  The  Silent  Enemy.  Combat  Stress  Re¬ 
action.  Maxwell  AFB,  AL:  Air  Command  and  Staff  College. 

Task:  Minimize  stress  casualties. 

Stressors:  Combat. 

Notes;  Historical  perspective.  Good  reference  if  concerned  with 
the  extreme  case. 
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Kruegar,  G.F.,  &  Jonta,  Y.F.  (1978).  U.S.  Arav  aviation  fatleue-related 
accidents.  1971-1977.  (USAARL  Report  No.  79-1).  Ft.  Ruckar,  AL:  US 
Army  Aaromedlcal  Research  Laboratory. 

Task;  Piloting  Amy  aircraft. 

Stressors:  Fatigue. 

Notes;  4.1%  of  all  accidents  reportedly  involved  fatigue  as  con¬ 
tributing  factor.  No  cloar  pattern  attributable  to  sleep 
lost. 

Krueger,  G.P.,  Cardenalas- Ortiz.  L. ,  and  Lovalasa,  C.A.  (1985).  Hunan 
Parformaneatn  Continuous /Sustained  Operations  and  the  Demands  of 
Extended  Work/Reat  Sohadulaa;  An  Annotated  Blbltosraohv.  (WRAIR- 
&B-BS-1).  Washington,  DC:  Valter  Raed  Amy  Institute  of  Research. 
Tasks:  Many.  399  references  are  annotated. 

Stressors:  Fatigue,  sustained  work,  sleep  deprivation  and  toany 
others. 

Notes:  Key  document.  Much  useful  infomation  in  the  annotations 
themselves . 

Krueger,  Gerald  P. ,  Amatrong.  Richard  N. ,  and  Cisco,  Ronald  R.  (1985). 
Aviator  perforaance  in  week-long  extended  flight  operations  in  a 
helicopter  simulator,  Paychonomic  Society,  Inc.  In;  Behavior  Re¬ 
search  Methods.  Instruments.  &  Compucers.  Hd)  •  (Abbreviated 
Synopsis  in  Appendix  B) . 

Krueger,  Gerald  P.  (post,  1985).  Problems  of  Using  Sleep  Research 
Technique  a  In  the  Field.  Walter  Reed  Amy  Institute  of  Research. 

Krueger,  Gerald  F. ,  and  Fagg,  Janes  N.  (1981).  Aaromedlcal  Factors  In 
Aviator. Fati sue ._Crav  Work/Reat  Schedules  end  Extended  Flight 
Operations:  An  Annotated  Bibliography.  Fort  Rucker,  AL:  Army 
Aeronedlcal  Research  Lab. 

Task:  Various  •  mostly  related  to  piloting  aircraft. 

Stroesors:  Extended  ops,  time  zone  transitions,  Irregular  sleep. 
Notes:  Some  useful  studies,  but  work  times  generally  shorter  chan 

chose  of  interest.  Most  casks  different  also,  223 
abstracts.  Key  critique  by  Bartlett  (see  pg  19-20). 

Kruegar,  Gerald,  Balkin,  Thomas,  Belenky,  Gregory,  Headley,  Don.,  and 

Solick,  Robert.  (1986).  Effects  of  continuous  operations  (CONOPS^ 
an  SPldiir  and  unit  psrfomance.  Phase  II:  Stratsfias  for 
austainina_the  soldier  in  CONOPS .  Fort  Leavenworth,  KS;  US  Amy 
Combined  Ams  Combat  Developments  Activity. 

Task;  Land  combat  •  CONOPS,  A  manual  of  advice  on  how  to  manage 
soldiers  during  CONOPS. 

Stressors:  Little  or  no  sleep. 

Notes:  Key  document  reflecting  WRAIR  and  ARI  thinking  on  CONOPS. 
Companion  to  Vol  1  which  has  more  data. 
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Kubala,  Albert  L. ,  and  Warnick,  Uillian  L.  (1979).  A  Review  of  Selected 
Llteracura  on  Stresses  Affecting  Soldiers  In  Combat.  (ARI  Technical 
Report  TR-79-A  14).  Alexandria,  VA:  U.S.  Army  Research  Institute 
for  Che  Behavioral  and  Social  Sciences. 

Kugelmasa.  S.  (1963).  Effects  of  Three  Levels  of  Realistic  Streaa_on 

Dlfferanttal  Physiological  Reaetlvitias .  Jerusalem,  Israel:  Hebrew 
University  of  Jerusalem,  Israel. 

Task:  Deception,  during  an  interrogation. 

Stressors:  Assessment  by  observers  of  whether  career  was  successful 
or  not. 

Notes:  Not  relevant.  Aimed  at  assessing  lie  detection  technology. 

Kurks,  M.I.  (1962a).  Hunan  Factors  in  War  Gamins.  I.  (C0RC-SP-1S3) . 

Alexandria,  VA:  Generalized  System  Combat  Operations  Research  Croup. 

Task:  Appropriate  model  group  behavior  in  war  games. 

Stressors:  Non-specific. 

Notes:  Conceptual  model  of  human  factors  systems  is  presented. 

Theoretical  considerations.  May  be  useful  during  modeling 

phase . 

Kurke,  M.I.  (1962b).  Human  Factors  in  War  Gaming.  II. _ Mflyglfl  and  Unit 

Effectiveness.  (CORG-SP-154) .  Alexandria,  VA:  Combat  Operations 
Research  Group. 

Task:  Appropriately  model  unit  utility  in  combat  war  games. 

Utility  is  a  function  of  morale,  group  cohesion. 

Stressors:  N/A 

Notes:  Method  of  modelling  effects  of  group  morale  in  war  games  Is 
presented.  May  be  of  Interest  during  modelling  phase. 

Lamb,  Jerry  C.  (1976).  Preliminary  Teat  of  Human  Performance  Prediction 
System  (HUPPS).  (Technical  Report  5347).  New  London,  CN:  Naval 
Underwater  Systems  Center. 

Task:  Sonar  repair. 

Stressors:  N/A. 

Notes:  This  report  not  relevant. 

Landstrom,  Ulf  and  Lofstedc,  Per  Eng,  M.  (1987,  February).  Noise, 
Vibration  and  Changes  In  Wakefulness  During  Helicopter  Flight. 
Aviation.  Space,  and  Environmental  Medicine. 

Task:  Piloting  helicopters  (no  performance  measures). 

Stressors:  Noise,  vibration,  flight  duration  (2  or  4  hours). 

Unge,  C.J.,  and  Jacobs,  0.  (1960).  Leadership  In  Army  Infantry 

Platoons.  Study  II.  (Res.  Rpt.  5).  Washington,  DC:  Human 
Resources  Research  Office. 

Lautarbach,  C.C.,  and  Vlslhaber,  D.P.  (1966).  Rifle  Performance  Under 
Conditions  of  Stress.  (Final  Report  66-1).  West  Point,  New  York: 
U.S.  Army  Hospital. 
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Task:  Rifle  fire  on  range. 

Scressors:  Reaction  to  authority,  teat  anxiety,  group  pressure. 
Notes:  No  of  the  mild  strasccvs  used  on  performance. 

Uvie,  Peretz.  (1986).  Tventv-Four  Hour  Structure  of  Vigilance  Under 

Prolonged  Sleep  Deprivation; _ RflltlgnihiB  With  f tgformftnfit ■  Army 

Research  Institute  for  the  Behavior  and  Social  Sciences. 

Task:  One-  and  two-handed  tracking  tasks. 

Stressors:  36  hrs  partial  sleep  deprivation  with  very  short  cycles 
(7  and  13  min)  of  sleep  and  performance. 

Notes:  Very  unique  vork/sleep  schedule  with  virtually  no  relevance 
to  read  world  problems. 

Lazarus,  R.S.,  Oeese,  J.E.,  and  Osier,  S.F.  (1952).  The  Effects  of 
Psychological  Stress  upon  Performance.  Psychological  Bulletin. 
i2(4).  Part  I. 

Task;  Various  •  mostly  laboratory.  A  review  article. 

Stressors:  Failure,  excessive  task  demands. 

Notes:  Review  article  that  concludes  that  we  don't  know  near 
enough . 

Uzarus,  R.S.  (1966).  Psychological  Stress  and  the  Cooing  Process.  New 
York:  McGraw-Hill. 

Lees,  M.A, ,  Scone,  L.V. ,  Jones,  H.D.,  Kimball,  K.A. ,  &  Anderson,  D.fi. 

(1979).  The  measurement  of  man-hellcooter  performanee  as  a  function 
of  extended  flight  raouiraments  and  aviator  fatigue.  (Report  No. 
79-12).  Fort  Rucker,  Al:  Army  Aerooedieal  Research  Lab. 

Legg,  S.J.,  and  Hahanty,  A.  (1985).  Comparison  of  five  modes  of 

carrying  a  load  close  to  the  trunk.  Ergonomics .  2&(12).  1653-1660. 
(Abbreviated  Synopsis  in  Appendix  B) . 

Legg,  S.  and  Fateman,  C.  (1984).  A  physiological  study  of  the 

repetitive  lifting  capabilities  of  healthy  young  males.  Ergonomics . 
2Z(3),  259-272.  (Full  Synopsis  In  Appendix  A). 

Legg,  S.,  and  Patton,  J.  (1987),  Effects  of  sustained  manual  work  and 
partial  sleep  deprivation  on  muscular  strength  and  endurance.  Eur . 
J.  AddI.  Phvslol..  56,  64-68.  (Full  Synopsis  In  Appendix  A). 

Leu,  John  R.,  Hanning,  Frederick  J.,  and  O'Donnell,  Vincent  M.  (Post 
1984).  Pharmacological  Optimization  of  Performance:  Memory  and 
Cognition.  Wash,  DC;  Valter  Reed  Army  Institute  of  Research. 

Levi,  L.  (1972).  7  Psychological  and  physiological  reactions  to  and 

psychomotor  performance  during  prolonged  and  complex  stressor  expo¬ 
sure.  In  L.  Levi  (Ed.),  Stress  and  Distress  in  Response  to  Psycho¬ 
social  Stimuli.  Oxford:  Pergamon  Press,  119-142.  (Full  Synopsis 
in  Appendix  A) . 
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Levine,  L. ,  Evi^ns,  U.J.,  Wlnimann,  F.R.,  and  Pandolf,  K.B.  (1982).  Pro¬ 
longed  lielf-paced  hard  physical  exercise  comparing  trained  and 
untrained  men.  Erfomonlcs.  25l(5),  393-400.  (Fu’l  Synopsis  In 
Appendix  A) . 

Lldz  T.  (1946).  Psychiatric  Casualties  from  Guadalcanal:  A  Study  of 
Reactions  to  Extreme  Stress.  Pavehiatrv.  £,  193-213. 

Task:  M/A. 

Stressors:  Extended  exposure  to  extremely  adverse  combat 
conditions . 

Lind,  A.  (1963).  Physiological  effects  of  continuous  or  intermittent 
work  in  the  heat.  J.  ApdI.  Phvetol..  iA(l),  57-60.  (Abbreviated 
Synopsis  in  Appendix  B). 

Link,  B.O.,  and  Shapiro,  H.O.  (1979).  The  Small  Force  Enyagainent  Range 
(SrER'>  and  its  Apolleatlon  to  the  Gathering  of  Behavioral  Data. 
(SAMD-79-0447C) .  Albuquerque,  MK:  Sandla  Laboratories . 

Lisper,  Hans-Clof,  and  KJellberg,  Anders.  (1972).  Effects  of  24-hour 
sleep  deprivation  on  rate  of  decrement  in  a  lO-mlnute  auditory 
react  Ion  time  task.  Jflumal  qI  EXPCriluntBL.PgYChBlflEY. 

Lubln,  A.  (1967).  Performance  Under  Sleep  Loss  and  Fatigue.  In  Sleep 
and.  Alti.red  States  _of  ■Consciousness.  Monograph  of  Assoc,  for  Re¬ 
search  in  Nervous  and  Mental  Disease.  VOL  XLV,  506-513.  Baltimore: 
Williams  and  Wilkins  Co. 

Lubln,  A.,  Hord,  D.,  Tracy,  M.L.,  and  Johnson,  L.C,  (1975).  Effects. of 
Exercise.  Bedrest,  and  Napping  on  Performance  Decrement  Purina  40 
Hours .  San  Diego,  CA:  Naval  Health  Research  Canter,  San  Diego,  CA. 
(Abbreviated  Synopsis  In  Appendix  B) . 

Luby,  E.D.,  Frohman.  C.E.,  Grlsell,  J.L. ,  Lenzo,  J.E.,  &  Gottlieb,  J.S. 
(1960).  Sleep  deprivation:  Effects  on  behavior,  thinking,  motor 
performance,  and  biological  energy  transfer  systems.  Psychosomatic 
UtdialM.  22.  182. 

Lunsattar,  Wayne,  Glynn,  Michael  Horton,  Donald,  Watts,  Robert,  and 

Peterson,  Bruce.  (1979).  Army  Aviation  Personnel  Requirements  for 
Sustained  Operations  (AAPRSQ)  Study:  Volume  IV.  Appendices  J-L. 
(AD046468).  Fort  Rucker,  AL:  Army  Aviation  Agency  Center. 

Task:  Various  day  and  night  combat  missions. 

Stressors:  High  mental  workload;  high  number  of  takeoffs,  landings ; 
instrumenr  flying. 

Notes;  Appendix  L  summarises  results  of  surveys  taken  concerning 
pilot  opinion  of  conditions  producing  fatigue.  No  perfor¬ 
mance  data. 

Mackie,  Robert  R. ,  and  Hiller,  James  C.  (1978).  Effects  of  hours  of 

serylce.  temularlty  of  schedules,  and  cargo  loading  on  truck  and  bus 
driver  fatlsue.  (Report  No.  176S-F).  Coleta,  CA:  Human  Factors 
Research  Inc. 


C-?4 


Notes;  Amount  of  fatigue  and  perfornanci  degradation  tied  to  length 
of  time  driving,  Irregularity  of  uohedulee  and  amount  of 
phytical  work  performed. 

Hackie,  Robert  R. .  Wylie,  C.  Dennia,  and  Smith,  Malcolm.  (1985).  Stress 
and  sonar  operator  performance:  A  literature  review  and  operator 
survey.  Goleta,  CA;  Human  Factors  Research  Division,  Essex  Corp. 

Maginnis,  Robart  L.  (1984,  Dacembar) .  Battle  Stress:  Are  we  prepared? 
Armor. 


Magner,  C.  (1968).  Critical  Combat  Performances.  Knowledaea.  and  Skills 
Required  of  the  Infantry  Rifle  Platoon  Loader.  Defensive  operations. 
(AD704971).  Fort  Ord,  CA:  Human  Resources  Research  Laboratory. 

Malriaux,  P.,  Libert,  J.,  Candas,  V.,  and  Vogt,  J.  (1984).  Physiological 
and  perceptual  responses  to  cyclic  heat  stress  variations.  Avia¬ 
tion.  Space,  and  Environmental  Medicine.  ifL.  935-940. 

Malmo,  R.B.,  A  Surwillo,  W.V.  (1960).  Sleep  deprivation;  Changes  in 
performance  and  physiological  indicants  of  activation.  Psycho¬ 
logical  Monographs.  ZifcdS).  (whole  No.  502). 

Task;  Simple  cracking,  with  continuous  performance  feedback. 
Stressors;  60  hrs  without  sleep. 

Notes;  Study  of  interesc  because  of  feedback  feature  aimed  at 

countering  sleep  loss  effects.  Both  subjective  &  physio¬ 
logical  measures  showed  strong  fatigue  effects,  performance 
results  were  equivocal,  probably  because  performance  ses¬ 
sions  were  widely  spaced  in  time.  Only  3  S's. 

Mangelsdorff ,  A.  David,  King,  James  M. ,  and  O’Brien,  Donald  E.  (1986). 
Proceedings.  Fifth  Users’  Workshop  on  Combat  Stress.  Fort  Sam 
Houston,  TX;  U.S.  Army  Health  Services  Command. 

Task:  Various  •  this  is  a  collection  of  papers,  only  2  or  3  of 
which  are  of  interest. 

Stressors;  Sustained  operations. 

Notes;  Conclusions  &  recommendations  included  on  amount  of  sleep 

required  for  sustained  operations  (pp  175  A  following);  also 
data  on  degradation  of  tank  crow  performance  in  MOPP  gear 
(pp  151  ff). 

Manners,  Geoffrey.  (198.^.,  January  18).  Coping  with  Stress  on  the 
Battlefield.  J  MB  ll  fltliniB  Jatitij  • 

Manning,  Frederick  J .  (1985).  Human  factors  in  sustaining  high  rates  Pt' 
artillery  fire.  Ft.  Detrlck,  MD;  U.S.  Army  Medical  Resssreh  A 
Development  Command. 

Manning,  Frederick  J.  and  Ingraham,  Larry  H.  (1981,  June).  Who  Melts, 
When,  and  Why?  Field  Artillery  Journal,  p.  13. 
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Marks,  J.W.  (1961).  Human  Factors  Support  of  Rsqulramants  for  Con¬ 
tinuous  Operations.  Department  of  Army  Report,  15th  Annual  Army 
Human  Factors  R&D  Conference. 

Marshall,  S.L.A.  (1947).  Men  against  Fire.  Mew  York:  William  Morrow. 

Task;  Getting  soldiara  to  fire  their  weapons,  various  others. 
Stressor;  Threat  of  enemy  fire. 

Motes:  Some  hlstorlr.al  observations  (data)  that  should  be  con¬ 
sidered  when  modeling. 

Martin,  B.  (1981).  Effect  of  sleep  deprivation  on  tolerance  of  prolonged 
exercise.  Eur.  J.  AdpI.  Phvaiol. .  345-354.  (Abbreviated  Syn¬ 

opsis  In  Appendix  B) . 

Martin,  B. ,  and  Gaddis,  G.  (1981).  Exercise  after  sleep  deprivation, 
Medicine  and  Science  in  Snorts  and  Exercise.  ,  220-223. 

Martin,  B, ,  and  Hsiun-lng  Chen  (1984).  Sleep  loss  and  the  sympatho¬ 
adrenal  response  to  exercise.  Medicine  and  Science  In  Sports  and 
EMIfiln.  Ua),  56-59. 

Stressors;  SO  hrs  sleepless  period;  treadmill  walking. 

Results;  Sleep  loss  reduced  time  to  exhaustion  by  20%.  Sleep  loss 
does  not  diminish  the  peripheral  sympathetic  nervous 
system  response  to  exercise,  although  it  reduces  exercise 
tolerance  through  unexplained  mechanisms. 

McCord,  H.H. ,  and  Abltz,  F.W.  (1964).  Use  of  Suggestion  In  Psycho¬ 
logical  Warfare,  In_PrQefledlnM  of  First  Sviiicoalum  on  Pavehological 
EffiCts_cf  Mon-Nuclear  Weapons.  Volume  II.  (A03S0S28).  Eglln, 

AFB,  Florida, 

McKay,  John  B. ,  Gland,  Salvatore,  Hall,  Charles  E.  and  Taylor,  John  £. 
(1959),  Some  lactors  Which  Have  Contributed  to  Both  Successful  and 
Unsuccessful  American  Infantry  Small-Unit  Actions.  Research  Memo 
13,  (AD260994).  Ft.  Banning,  GA:  U.S.  Army  Infantry  Human  Research 
Unit. 

McMurray,  R, ,  and  Brown,  C.  (1984).  The  effect  of  sleep  loss  on  high 

Intensity  exercise  and  recovery.  Aviation.  Space,  and  Environmental 
Medicine .  1031-1035.  (Abbreviated  Synopsis  In  Appendix  B) . 

Mears,  Jllllan  D.,  and  Cleary,  Patrick  J.  (1980).  Anxiety  as  a  factor 
In  underwater  performance.  Ergonomics .  ,  549-557. 

Meddls,  R.  (1982),  Cognitive  dysfunction  followli\g  loss  uf  sleep.  In; 
A.  Burton  (Ed.)  Pathology  and  Favchologv  of  Cognition.  London; 
Methuen.  225-252. 

Meeland,  T. ,  and  others.  (1969).  A  Review. of  Foma  Ground  Combat  Simula¬ 
tion  Models.  Aberdeen  Proving  Ground,  MD:  Army  Material  Systems 
Analysis  Agency. 
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Moeland,  Tor,  Egbert,  Robert  L. ,  end  Mtller,  Irwin.  (1957).  Field 
Streas:  A  preliminary  atudv  of  Its  structure,  raeasurement.  and 
relationship  to  combat.  Alexandria,  VA;  George  Washington  Unlv, 

Human  Reaourcea  Research  Office.  (Abbreviated  Synopsis  In  Appendix  B) . 

Heerloo,  J.H.M.  (1956).  Mental  Danger,  Streas  and  Fear.  Journal  of 
Nervoua  and  Mental  Disease.  123. 

Michel,  R.R..  and  Solick,  R.E.  (1963).  Review  of  Literature  on  the 
Effects  of  Selected  Human  Perforaanee  Variables  en  Combat  Perfor¬ 
mance  ,  Field  Unit  Working  Paper  FLV*FU*83‘4.  Ft.  Leavenworth:  U.S. 
Army  Research  Institute  for  the  Behavioral  and  Social  Sciences. 
(Abbreviated  Synopsis  in  Appendix  B). 

Milgram,  Norman  (Ed),  (1986).  Streas  and  Cooing  in  Time  of  War:  Gener¬ 

alizations  from  the  Israeli  Exparienca.  New  York:  Brunner:/  Mazel, 
Tel'Avlv  University. 

Millar,  J.,  Farlow,  D. ,  and  Seltzer,  M.  (1977).  Physiological  analysis 
of  rapetitive  lifting.  Aviation.  Space,  and  Environmental  Medicine. 
id(lO).  984-988. 

Miller,  J.C.,  and  Narvaez,  A.  (post  1983).  A  comparison  of  Two  Sublec- 
tlve  Fatigue  Chackllsts.  Brooks  AFB,  TX:  USAF  School  of  Aerospace 
Medicine. 

Millet,  J.C.  (1953).  The  Develooinent  of  Experimental  Stress  Sensitive 
Testa  for  Predicting  Performance  In  Military  Tasks.  (Report  1079). 
Personnel  Research  Branch,  Adjutant  General's  Office. 

Task:  Critical  flicker  fusion,  tremblecmeter ,  cancellation  of  C's, 
word  fluency. 

Stressors:  8000  cps,  90  dB  noise  while  taking  tests. 

Notes:  Non-relevant  selection  of  tests  and  stressor. 

Miller,  George,  and  Bonder,  Seth.  (1982).  Human  Factors  Reprasentatlona 
for  Combat  Models.  (Report  No.  VRI-ARI-6  FR82-1).  Ann  Arbor,  MI: 
Vector  Research,  Incorporated. 

Miller,  Robert  B.  (1971).  Development  of  a  Taxonomy  of  Human  Perfor¬ 
mance:  Design  of  a  Systems  Task  Vocabulary.  American  Institutes  for 
Research. 

Minard,  D.,  Grayeb,  G.J.,  Singer,  R.C.,  and  Kingston,  J.R.  (1961).  Heat 
Streas  Purina  Operation  Banvan  Tree  I.  (Report  No.  5).  Bethesda, 

MD:  Naval  Medical  Research  Institute. 

Mital,  A.,  Karwowski,  V.,  Mazouz,  A.,  and  Orsarh,  E.  (1986).  Prediction 
of  maximum  acceptable  weight  of  lift  in  the  horizontal  and  vertical 
planes  using  simulated  Job  dynamic  strengths.  Am.  Ind.  Hvg.  Assoc. 
42(5).  238-292. 

Moog,  Rudolf.  (1987).  Optimization  of  shift  work:  physiological  contri¬ 
butions.  Ersonomlcs .  2fl(9) ,  1249-1259. 
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Morgan,  B.B.  (1S7A).  Effects  of  continuous  work  and  slaep  loss  In  tlia 
reduction  and  recovery  of  work  efficiency.  American  Industrial 
Hygiene  Aagociatlon  Journal.  12,  13-20.  (Abbreviated  Synopsis  In 
Appendix  B) , 

Morgan,  B.B.  Jr.,  Coates,  G.D.,  Brovm.  B.R. ,  and  Allulsi,  E.A.  (1973). 

Etfifiti  sn  tho,  ^ifigYflry.-aL.SuB.-. 

talned  Perfuraanee.  HSL  Technical  Memo  14-73,  A0769933.  Aberdeen 
Proving  Grounds ,  KD:  US  Army  Human  Engineering  Laboratory.  (Abbre¬ 
viated  Synopsis  in  Appendix  B) . 

Morgan,  B.B.,  and  Alluiai,  E.A.  (1972).  Applicability  of  Research  on 
Sustained  Performance,  Eusuranca,  and  Work-Rest  Scheduling  to  the 
Development  of  Concepts  and  Doctrine  of  Continuous  Operations. 
Technical  Memo  12-72.  In  D.  Hodge  (Ed.)  Military  Reaulrements  for 
Research  on  Continuous  Ooeratlona.  Proceedings  of  a  Conference  Held 
at  Texas  Tech  Univ,  Lubbock,  TX,  28-29  Sept  1971.  Aberdeen  Proving 
Ground,  MD;  U.S.  Amy  Human  Engineering  Laboratory. 

Morgan,  Ben  B.  Jr.,  and  Coates,  Glynn  D.  (Eds.).  (1974).  Sustained  Per¬ 

formance  and  Recovery  During  Continuous  Operations.  Interim  Tech 
(Report  No.  lTR-74-2).  Arlington,  VA:  Organizations  and  Systems 
Research  Lab.,  U.S.  Army  Research  Institute  for  Behavioral  &  Social 
Sciences,  Dept,  of  Army. 

Task;  Multiple -task  performance  battery. 

Stressors:  Up  to  48  hrs  of  continuous  synthetic  work. 

Morgan,  Ben  B. ,  Jr.,  Brown,  Bill  R. ,  and  Allulsi,  Earl  A.  (1974). 

Effects  on  Sustained  Performance  of  48  Hours  of  Continuous  Work  and 
Sleep  Loss.  Human  Factors.  1£(4),  406-414. 

Task;  .Multiple -cask  performance  battery. 

Stressors:  48  hrs  continuous  work  and  sleep  loss. 

Notes:  Decrements  as  %  of  baseline  reported.  Al.'to  recovery  fol¬ 
lowing  24  hrs  of  rest. 

Moskln,  J.R.  (1982).  Ammunition  Hill.  Ballantlne  Books. 

Moskln,  J.R.  (1982).  Tlie  Tanks  -  The  Crucial  Battle.  Among  Lions . 
Ballantlne  Books. 

Mullaney,  D.J.,  Kripke,  D.R.,  &  Flock,  P.  (1981).  Sleep  loss  effects  on 
continuous  sustained  performance.  (Technical  Report  #1) .  San 
Diego;  University  of  California,  Department  of  Psychiatry.  (Full 
Synopaia  in  Appendix  A) . 

Mullaney,  D.J.,  Kripke,  D.F.,  Fleck,  P.A.,  &  Okudalra,  N.  (1983).  Ef¬ 
fects  of  sustained  continuous  performance  on  subjects  working  alone 
and  In  pairs,  Perceptual  and  Motor  Skills.  S7,  819-332. 

Tnak:  Tracking,  visual  memory,  addition. 

Streasors;  Nearly  continuous  Cask  performance  for  42  hrs. 
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Not«s:  All  subjects  ihotfad  substantial  datariorstlon  whsthor  work¬ 
ing  alone  or  In  pairs.  Unfortunately  the  experimental 
set-up  did  not  lend  Itself  to  mutual  support  of  paired  S's 
who  largely  Ignored  each  other.  Deterioration,  .oufuslon  & 
hallucinations. 

Hullansy,  Daniel  J.,  Flack,  P.A.,  Okudarla,  N.  and  Krlpke,  D.F.  (1985). 
An  automated  system  for  administering  continuous  workload  and  for 
measuring  sustained  continuous  performance.  The  Psyehonomlc 
Society,  Inc.  In  Behavior  Research  Methods.  Instruments  &  Com¬ 
puters  .  1^(1). 

Task:  Tracking,  pattern  memory,  addition. 

Stressors:  42  hrs  continuous  performance  except  for  6  1-hr  naps  or 
1  6 -hr  nap. 

Notes;  Authors  conclude  their  method  of  continuous  computerlzet' 

tasking  of  subjects  leads  to  more  rapid  performance  deteri¬ 
oration  than  Intermittent  work  paradigms. 

Murrell,  K.  (1965).  A  classification  of  pacing.  Inti .  J .  of  Prod. 

Retch. .  4(1).  69-74. 

Myles,  W.S.,  Eclache,  J.P.,  and  Boaury,  J.  (1979,  September). 

Self -pacing  during  sustained,  repetitive  exercise.  Aviation.  Space 
and  Environmental  Medicine.  921-924,  (Full  Synopsis  In  Appendix  A). 

Myles,  U.S.,  and  Rone t,  T.T.  (1986).  Combat  Engineer  EffsLtlveness  m 
Sustained  Operations.  Oownsvlew, .  Ontario;  Defence  and  Civil  Insti¬ 
tute  of  Environmental  Medicine.  (Abbreviated  Tynopals  In 
Appendix  B) . 

Naltoh,  P.  (1969).  Sleep  Loss .and  Its  Effects  on  Performance.  (Report 
No.  68-3).  San  Diego,  CA:  Navy  Medical  Neuropsychiatric  Research 
Unit . 

Task;  Various 

Stressors:  Complete  sleep  deprivation;  partial  sleep  deprivation. 
Notes:  Highly  comprehensive  revlav.  Conclusions  about  how  sleep 
loss  effects  vary  with  duration  of  task,  knowledge  of  re¬ 
sults,  difficulty  of  task,  task  pacing,  subject's  profici¬ 
ency,  task  complexity,  memory  requirements,  Interest  level, 
motivation,  personality  (etc.). 

Naitoh,  P.  (1976).  Sleep  deprivation  In  human  subjects:  a  reappraisal. 

Waking  &  Sleeping.  1,  53-60. 

Task:  Various  «  this  la  a  review  of  the  state  of  the  art  in  sleep 
deprivation  research. 

Stressors:  Sleep  aeprlvatlon 

Notes:  Has  Important  observations  on  why  field  studies  of  sleep 
deprivation  do  not  always  show  expected  (deleterious) 
effects . 

Naltoh,  P.,  and  Angus,  R.C.  (1987).  Napoins  and  Human  Functioning  Dur¬ 
ing  Prolonged  Work.  San  Diego,  CA:  Naval  Health  Research  Center. 
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Naltoh,  P. ,  and  Englund,  C.E.  (1983).  Extending  Human  Effectiveness 
During  Sustained  Operations  through  Sleep  Management.  (Report  No. 
63-13).  San  Diego,  CA:  Naval  Health  Reaearch  Center.  (Abbreviat-d 
Synopala  in  Appendix  B) . 

Naitoh,  P.,  Englund,  C.E.,  and  Ryman,  D.H.  (1987).  Suitained  Opera- 
tlene:  Reaearch  Raaulta.  San  Diego,  CA;  Naval  Health  Reaearch 
Center.  (Full  aynopaia  in  Appendix  A). 

Naitoh,  P.,  Englund,  C.E.,  Ryman,  D.H.,  and  Hodgdon,  J.A.  (198^). 

Effect  of  Phvaleal  Work  and  Sleep  Loea  on  Recovery  Sleep.  (Report 
No.  84-30).  Betheada,  MD:  Naval  Medical  Reaearch  and  Development 
Command. 

Taak:  Cognitive  taaka  at  a  computer  terminal. 

Straaaora:  17  hr  continuoua  work  perioda,  treadmill  in  full  combat 
gear. 

Notea;  Phyalologlcal  data  only. 

Naitoh,  Paul.  (1981).  Circadian  Cyclea  and  Reatorative  Power  of  Napa; 
in  The  Twentv-Four  Hour  Workday;  Proceedings  of  a  Sympoalum  on 
Varlatloni  In  Work- Sleep  Sehedulea.  Cincinnati,  OH;  U.S.  Dept,  of 
Health  &  Human  Services. 

Task;  Search  for  letters;  tapping  tasks;  choice  RT,  short  term 
memory . 

Stressors;  45-53  hrs  of  work  without  sleep. 

Notes;  Recuperative  power  of  naps  dependent  on;  (1)  prior  hours  of 
wakefulness;  (2)  time  of  day  taken;  and  (3)  duration  of 
nap. 

Naitoh,  Paul  and  Townsend,  Richard  E.  (1970).  The  Role  of  Sleep  Depri¬ 
vation  Reaearch  in  Human  Factors.  Human  Factors.  12(6),  575-585. 
(Abrevlated  synopsis  in  Appendix  B). 

Naitoh,  Paul,  Englund,  Carl,  and  Ryman,  David  H.  (1986).  Sloeo  Manage - 
mene  In  Sustained  Operations;  User* a  Guide.  (AD1730S0).  San  Diego. 
CA;  Naval  Health  Research  Center.  (Full  synopsis  in  Appendix  A). 

Nanji,  Aml.n  A.,  Creenway,  Donald  C.,  and  Btgdeli,  M.  (1985).  Relation¬ 
ships  Je  tween  Growth  Hormone  Levels  and  Time  Spent  bv  Soldiers  In  an 
Active  War  Zone.  Ottowa,  Canada;  Department  of  Laboratory  Medicine, 
Ottowa  General  Hospital  and  University  of  Ottawa,  also  University  of 
Tehran,  Tehran,  Iran. 

National  Technical  Information  Service  (Ed.).  (1983).  Stress  Factors  on 

Pilot  Performance.  Springfield,  VA. 

Task;  Few  of  these  studies  involved  task  performance. 

Stressors;  Long  flight  operations,  others. 

Natkiel,  Richard.  (1982).  Atlas  of  20th  Century  Warfare.  New  York; 
Gallery  Books. 
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NATO  Dsfanc*  R««««rch  Croup.  (1983).  Procoodings  of  tha  24th  PRO  Semi¬ 
nar  on  Che  Human  a  Limiting  Elomont  In  Military  Svitema .  Volume 
I,  Bruseels,  Belgium:  NATO  Defence  Reseerch  Group. 

Naylor,  J.C.  (1964).  A  Proposed  Method  for  Determining  the  Psycho* 

logical  Effect!  of  Vespona.  In  Proeeadinga  of  the  First  Sviapeeium 
of  the  PeveholQgteal  Effeete  of  Non-Nuclear  Weapons  •  Volume  I, 
Norman,  OK:  University  of  Oklahoma  Research  Institute. 

Task:  N/A 

Stressors:  Fear  (relativa)  of  various  vespona. 

Notes:  Weapons  effect  considered  to  be  dependent  on  both  physical 
and  psychological  factors.  Combat  experience  greatly  modi¬ 
fies  fear  response. 

Neff,  K.L..  and  Sollck,  R.E.  (1983).  Military  Experts*  Estimates  of 
Continuous  Ooerations  Performance  for  Close  but  no  Cigar! . 

(Technical  Report  600).  Fort  Leavenworth,  KS;  Army  Research 
Institute  Field  Unit. 

Task:  Estimated  performance  degradation  base  on  written  description 
of  field  tests. 

Stressors:  48  hrs  to  S  days  of  continuous  operations. 

Notes:  Important  study.  Raises  serious  doubts  about  experts' 

estimations,  but  the  performance  measures  also  leave  doubts. 

Newman,  R.A.  (1964),  Combat  Fatigue:  A  Review  of  the  Korean  conflict. 
Militarv_Medielne.  129(10). 

Nicholson,  A.M.,  Pascoe,  P.A.,  Roehrs,  T.  Roth,  T.  Spencer,  M.B, ,  Stone, 
B.M.  &  Zorlck,  F.  (1985).  Sustained  performance  with  short  evening 
and  morning  sleeps.  Aviation.  Space  and  Environmental  Medicine. 
105-114. 

Task:  Digit  symbol  substitution;  latter  cancellation,  logic, 

arithmetic,  RT,  vlsuo-motor  coordination,  vigilance,  memory. 
Stressors:  Variety  of  displaced  sleep  patterns. 

Notes:  Evening  sleep  (1800-2200)  improved  performance  during  an 
overnight  period  of  wakefulness. 

Nicholaon,  Anthony  N.  (1967).  Sleep  and  Wakefulness  of  the  Airline 
Pilot .  Washington ;  DC:  Aarospacs  Medical  Assn. 

Nicholson,  Anthony  N. ,  Stone,  Barbara  K. ,  Borland,  Richard  G.,  and 

Spencer,  Michael  B.  (1984).  Adaptation  to  Irregularity  of  Rest  and 
Activity.  Washington,  DC:  narospaca  Medical  Association. 

Task:  Choice  RT,  serial  memory,  vigilance,  manikin  Identification. 

Scressors: Shifting  periods  of  work  and  sleep,  with  respect  to 
24 -hr  clock,  for  9  days. 

Notes:  Interest  was  on  irregularity  of  sleep,  but  subjects  permit¬ 
ted  8  hrs  of  sleep  In  every  24. 
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NIOSH.  (1981).  Work  praettcaa  aulda  for  manual  lifting.  (NIOSH  Publi¬ 
cation  Mo.  81-122).  Cincinnati,  OH;  US  Department  of  Health  and 
Human  Servicea.  (.Abbreviated  Synopaia  in  Appendix  B) . 

Mo  authora.  (1952,  December).  A  Study  of  Combat  Streaa  in  Korea. 

ORO-T-41  (FEC),  John  Hopkins  Univeralty ,  Operationa  Reaearch  Office. 

Mo  authora.  (1953,  March).  Svmpoaium  on  Streaa  (16 -18  March  1953). 
Vaahington,  DC:  Army  Medical  Service  Graduate  School. 

Teak:  M/A. 

Streaaora:  Varioua,  including  combat. 

Motea;  Papera,  moatly  by  M.D.'a,  on  medical  and  paychological 

aapecta  of  atreaa.  Virtually  no  data.  Nothing  related  to 
performance . 

No  authors.  (1962,  December).  Concept  of  close  combat  during  niaht 
operationa  and  other  eondltiona  of  low  viaibilltv.  Quantico,  VA: 
U.S.  Marine  Corpa. 

Morton,  Royan.  (1970).  The  Effects  of  Acute  Sleep  Deprivation  on  Selec¬ 
tive  Attention.  British  J.  Psvcholofv.  157-161,  (Abrevlated 
synopsis  in  Appendix  B). 

National  Technical  Information  Service.  (1983,  Septemb^.r) ,  Fatiyua 

tCfifita  an,  hvunan  bihavior  and  pigfaraiDaR.  ntis. 

Streaaora:  Various 

Notea;  305  citations,  196A-1983.  Very  few  of  intereat/relevance, 
other  than  some  previously  found  in  other  sources. 

O'Brien,  James,  and  Smith,  H.  Stuart.  (1983).  Soldier  Dimension  in 
Battle.  (AD127956).  Virginia  Beach,  VA;  A.E.  McMlchael  & 
Associates . 

Task;  None  -  an  armchair  discussion;  very  general,  sociological. 

O'Donnel  R.D.,  and  Eggamelar,  F.T.  (1983).  Conceptual  Framework  for  the 
Development  of  Workload  Metrics  in  Sustained  Operations.  In;  AGARD 
Conference  Proceedings  No.  338  Sustained  Intensive  Air  Operations: 
PhvslalQaical  and  Performance  Aspects. 

Task:  Met  applicable.  This  is  a  position  paper  on  research  needed 
to  standardize  workload  assessment  in  sustained  operations. 
Strossors:  Sustained  operations. 

Notes:  May  be  useful  to  review  prior  to  field  data  collection. 

O’Donnell,  Vincent  M.  (post  1984) .  Pharmacological  Optimization  of 
Performance;  Sleep  and  Arousal.  Wash.,  DC:  Walter  Reed  Army 
Institute  of  Research. 

Olley,  Randy  and  Krauss,  Herber  H.  (1974).  Variables  Which  May  Influ¬ 
ence  the  Decision  to  Fire  in  Combat.  Journal  of  Social  Pavchulogv. 
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Task:  Fill  out  32  itsm  quastlonnsirs  rsflsctlng  likslihood  of 
shooting  undsr  various  clrcuastsneas . 

Stressors:  None,  or  Imagined  only. 

Notes:  Used  non-soldlers  as  subjects! 

Opstad,  P.K.,  Ekanger,  R.,  Nuamestad,  H. ,  &  Raabe,  N.  <1978).  Perfor¬ 
mance,  mood,  and  clinical  symptoms  in  man  exposed  to  prolonged, 
severe  physical  work  and  sleep  deprivation.  Aviation.  Space,  and 
Environmental  Medietna.  42(9).  1065>1073.  (Full  Synopsis  in  Appen¬ 
dix  A). 

Orr,  David  B.  (1964).  Research  on  Behavior  Impairment  Due  to  Stress:  An 
Experiment  in  Long-Term  Perf c'T«:innce .  Journal  of  Experimental 
Psveholosv.  22,  94-102.  (Abbieviatad  Synopsis  in  Appendix  B> . 

Oshima,  Kasamitau.  (1981).  The  mechanism  of  mental  fatigue.  In 

Selvendy,  Cavriel  and  Smith,  H.J.  (Eds.)  Machine  Paeins  and  Occu¬ 
pational  Stress.  London:  Taylor  and  Francis,  (Abbreviated  Syn¬ 
opsis  In  Appendix  B) . 

Oswald,  Dr.  Ian.  (1969).  Sleep  and  sleep  deprivation.  Roval  Society  of 
Medicine  -  Proceedings.  22* 

Task;  N/A  -  clinical  paper  on  paradoxical  sleep,  end  effects  of 
various  drugs. 

Stressors:  N/A. 

Notes;  Not  relevant  to  present  interests. 

Pachella,  R.G.  (1976).  Intellectual  Performance  Under  Stress.  Univer¬ 
sity  of  Michigan. 

Task:  Information  processing  generally  •  9  laboratory  tasks  used. 
Stressors;  Speed  stress.  Information  overload,  anxiety  (trait). 
Notes;  10  yrs  of  research  at  Unlv.  of  Michigan.  A  good  source  If 
wish  to  examine  information  processing  in  detail  under 
tlme/vork  load  pressure. 

Page,  Monte,  Goff,  Clinton,  and  Palmer,  J.D.  (1964).  The  Psychological 
Effects  of  Non-Nuclear  Weapons;  A  Bibliography  With  Selected  Ab¬ 
stracts.  Volume  I.  Norman,  OK:  University  of  Oklahoma  Research 
Institute. 

Task:  Coping  with  the  stress  of  combat. 

Stressors:  Bombardment,  small  arms  fire,  indirect  fire,  catastro- 
phies. 

Notes:  Contains  both  annotated  and  unannotated  bibliographies. 

Page,  Monte;  Goff,  Clinton;  Palmer,  J.D.,  Jett,  Wayne;  and  Gustafson, 

L.M.  ^964),  Prior  arc  in  the  psychological  effects  of  weapons 
systems.  In  Proeeedinas  of  the  First  Symposium  on  the  Pavcholosical 
Effects  of  Non-Nuclear  Weapons.  Univ.  of  Oklahoma. 
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Task;  N/A  •  «  lltaratur*  r«vl«w. 

Strassort:  F««r  atsoclatad  with  antmy  fire. 

Notes:  Fig  1  Is  conceptual  diagram  linking  weapon  variables,  situ* 
atlonal  variables,  etc  to  behavior. 

Palmer,  J.D.,  Dahlke,  A.E.,  Terry,  R.A. ,  at  al.  (1966).  Investigation 
of  Paveholoaleal  Effects  of. Non-Nuclear  Weapons  for  Llnitad  War. 
Volune  I .  Bglln  Air  Force  Base,  FL;  Air  Force  Systema  Coumand. 

Task:  Detemlne  psychological  affects  of  non'nuclear  weapons. 
Stressors:  Weapons  with  different  signatures,  various  situational 
variables . 

Notes:  Important  study.  Good  assessment  of  literature.  Good 

conceptual  model  (net  of  variables) .  Interesting  formula* 
tion  of  Psychological  Index. 

Pandolf,  K. ,  Burse,  R.,  and  Goldman,  R.  (1977).  Role  of  physical  fitness 
in  heat  acclimatisation,  decay  and  reinductlon.  Ergonomics.  2j^(4) , 
399-408. 

Pandolf,  K.B.,  Civonl,  B.,  and  Goldman,  R.F.  (1977).  Predicting  energy 
expenditure  with  loads  while  standing  or  walking  very  slowly. 

Journal  of  Aoplled  Physiology.  ,  577-381.  (Full  Synopsis  In 

Appendix  A) , 

Pandolf,  K. ,  Stroscheln,  L. ,  Drolet,  L. ,  Gonzalez,  R. ,  and  Savka,  M. 
(1986).  Prediction  modeling  of  physiological  responses  snd  human 
performance  in  the  heat.  Comout.  Biol,  Med..  16(5),  319-329,  (Full 
Synopsis  in  Appendix  A). 

Pasnau,  R.O.,  Naitoh,  P..  Stlsr,  S.,  and  Kollar,  E.J.  (1968).  The  psy¬ 
chological  effects  of  205  hours  of  sleep  deprivation.  Archives  of 
General  Psychiatry.  16,  496-505.  (Abbreviated  Syiiopsis  in 
Appendix  B) . 

Patton,  J.,  Murphy,  M.,  and  Frederick,  F.  (1985),  Maximal  power  outputs 
during  the  Wingate  anaerobic  test.  Int.  J.  Socrtc  Med. .  6.  82-85. 

Perelll,  L.P.  (1980).  Fatigue  Stressors  In  Simulated  Long-Duration 

f-Ught. — EffBCtg_fln.  Performance.  Information  Processing.  Subjective 
Fatigue  and  Phvs la logical  Cost.  Brooks  AFB:  USAF  School  of  Aero¬ 
space  Medicine.  (Abbreviated  Synopsis  In 
Appendix  B) . 

Peters,  Ralph  H.  Jr.  (1983,  December).  Battlefield  Initiative.  Army 

Petersen,  Peter  B.  (1972).  Fatlyue  in  Sustained  Tactical  Operations. 

Ft,  San  Houston,  TX:  Army  Combat  Developments  Command  Medical 
Servioe  Agency.  (Abbreviated  Synopsis  in  Appendix  B) . 

Pew,  R.W.,  Feehrer,  C.E.,  Baron,  S.  and  Miller,  D.C.  (1977).  Critical 
Review  and  Analysis  of  Perfomanea  Models  Aoollcable  to  ManMachlna 
Systems  Evaluation.  (AFOSR-TR-77-0520) .  Cambridge,  MA;  Bolt, 
Beranek,  and  Newman,  Inc. 
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Pl«rrynow»ki.  M. ,  NonB4n,  R. .  and  Winter ,  D.  (1981).  Mechanical  energy 
analysia  of  the  human  during  load  carriage  on  a  treadmill.  Ergono- 
mica.  24(1),  1-14. 

Flarrynowakl •  H. ,  Winter,  D. ,  and  Norman ,  R.  (1981).  Metabolic  measures 
to  aaeartaln  the  optimal  load  to  be  carried  by  man.  Eryonomica. 

24(5),  393-399.  (Abbreviated  Synopsis  In  Appendix  B) . 

Flaban,  Robert  J.,  and  Thomas,  Debra  A.  (1985).  Physical  Fitness  as  a 
Moderator  of  Cognitive  Work  Capacity  and  Fatigue  Onset  under  Sus¬ 
tained  Combat -Like  Operations.  The  Psyehonomlc  Society.  In  figi, 
havior  Reaaareh  Mathoda.  Inatrumenta.  &  Computers.  17(1).  (Abbr'i- 
vlated  Synopsis  In  Appendix  B) . 

Polzella,  D.J.  (1974).  The  effect  of  sleep-deprivation  on  short-term 
recognition  memory.  (USAF  OSR  Report  No.  TR-74-329).  Ann  Arbor, 

MI;  Unlv.  of  Michigan,  Human  Performance  Center. 

Poasentl,  R.C.  (1967).  Human  Performance  Under  Conditions  of  Cold  and 
Streaa:  Report  on  Unit  Effaetiveneaa.  AAL-TR-66-11.  Fort  Waln- 
vright,  AX:  Arctic  Aeromedlcal  Laboratory. 

Task;  Field  maneuvers  over  13  day  period. 

Stressors:  Isolation,  cold. 

Notes;  Many  deficiencies  In  this  study. 

Price,  G.  Richard.  Hazard  From  Incense  Lovr-Frefluenev  Aeouatle  Impulaai . 
Technical  Memo  14-86.  Aberdeen  Proving  Ground,  MD;  U.S.  Army, 

Human  Eng.  Lab. 

Rachman,  S.  (1983).  Fear  and  Courage  among  Military  Bomb-Disposal 
Operators.  Advances  in  Behaviour  Research  &  Therapy.  4(3),  175. 
Vancouver,  Canada;  Unlv.  British  Columbia. 

Randle,  I.,  and  Legg,  S.  (1985).  A  comparison  of  the  effects  of  mixed 
static  and  dynamic  work  with  mainly  dynamic  work  In  hoc  conditions. 
Eur.  J.  AdpI.  Phvalol..  24,  201-206.  (Full  Synopsis  in  Appendix  A). 

Rauch,  T.M.  Banderec,  L.E.,  Tharion,  U.J.,  Munro,  I.,  and  Lussler,  A.R. 
(1986),  Factors  Influencing  the  Sustained  Performance  Capabllltlaa 
of  ISSmm  Hovltzer  Sections  In  Simulated  Conventional  and  Chemical 
Warfare  Environments.  Natick,  MA;  Army  Research  Inst  of  Environ¬ 
mental  Medicine.  (Full  Synopsis  In  Appendix  A). 

Ray,  Jamas  T.,  Martin,  0.  Edmund  Jr.,  and  Allulsl,  Earl  A.  (1961).  Human  . 
Performance  as  a  Function  of  the  Work-Rest  Cycle.  National  Academy 
of  Selenoes  -  National  Research  Council. 

Task:  Work  In  general  •  this  Is  a  review  article. 

Stressors:  Hours  of  continuous  performance. 

Notes;  Authors  conclude  that  number  of  generalizations  relating  to 
optimal  work- rest  schedule  are  limited.  Literature  from 
1894-1960  reviewed. 
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Raynuin,  D.H. ,  Naitoh.  P. ,  and  England,  C.E.  (1987).  Parcatvad  axartlon 
undar  eondltlona  of  auatalnad  work  and  alaao  loaa.  (Report  No.  97-9, 
AD-A182  148).  San  Diago,  CA:  Naval  Health  Research  Center.  (Full 
Synopsis  In  Appendix  A). 

Raid,  D.D.  (1979).  Fluctuations  In  Navigator  Parformanca  During  Opera¬ 
tional  Sorties.  In:  Aircrew  Stress  in  Wartina  Operations.  Papers 
from  the  Flvlna  PersQnnal_Rasaarch  Conatlttaa _of  tha  Ministry  of 
Dafanaa.  London:  Academic  Press.  (Based  on  1945  report). 

Raid,  D.D.  (1979).  Some  Heazt'tai  of  '-he  Effect  of  Operational  .Sfrass  on 
Comber  Crewe.  In;  Alrerc-:;  Stress  In  Wartime  Operations.  Papers 
from  the  Flvlna  Personnel  Rasaarch  Committee  of  the  Ministry  of 
Defense .  London:  Acade Press.  (Based  on  1944  report). 

Reid,  D.D.  (1979).  The  Hlstorloal  Background  to  Wartime  Research  In 
Psyohology  and  Psychiatry  In  the  Royal  Air  Force.  In:  Aircrew 

Stress  In  Wartime  Operations. _ ggparg  ggflm  tha.IlYlng  PtriODMl 

Rasaarch  Committee  of  tha  Ministry  of  Defense.  London:  Academic 

Press. 

Reid,  D.D.  (1979).  The  Influence  of  Psychological  Disorder  on  Efficiency 
in  Operational  Flying.  In  Aircrew  Stress  In  Wartime  Operations. 
Papers  from  the  Flvlns  Personnel  Reaearch  Conuplttee  of  the  Ministry 
of  Defense.  London:  Academic  Press.  (Based  on  194;>  report). 

Rosa,  R.R. ,  Bonnett,  M.H. ,  and  Warm,  J.S,  (1983).  Recover)'  of  perfor¬ 
mance  during  sleep  following  sleep  deprivation.  Psychophysiology . 
2fl,  152-159. 

Rowland,  D.  (1985).  Assessments  of  Combat  Degradation.  Surrey,  UK; 
Defence  Operational  Analysis  Establishment. 

Notes:  Historical  data. 

Rutenfranz,  J.,  Aschoff,  J.,  &  Mann,  H.  The  affects  of  a  cuimrulatlve 

sleep  deficit,  duration  of  preceding  sleep  period  and  body-  temper¬ 
ature  on  multiple  choice  reaction  time.  In  W.P.  Colquhoun  (Ed.), 
Aspects  of  Human  Efficiency.  English  Universities  Press,  217-229. 

Samn,  Sherwood  W.,  and  Perelll,  Layne  P.  (1982).  Estimating  Aircrew 

Fatlaua:  A  Technloue  with  Application  to  Airlift  Operations.  (Final 
Report  Oct.  80  •  Sept.  61,  29p).  Brooks  AFB,  TX:  School  of 
Aerospace  Medicine. 

Sanders,  A.F.  (1983).  Some  Issues  In  Research  on  Effects  of  Sustained 
Work  and  Sxeep  Loss  on  Performance.  In:  AGARD  Conference  Pro- 

_ 318  Sustained  Intensive  Air  Operations:  Phyaloloaical 

and  Performance  Aaueeta. 

Task:  Various  RT  tasks,  Including  some  using  degraded,  Incompatible 
and  temporally  uncertain  stimuli. 

Stressors:  24  hrs  sleep  loss. 
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Not«i:  Very  thort  <20  aln)  tecte.  Infrequently  given.  However,  of 
interest  in  that  stimuli  that  ware  perceptually  degraded, 
temporally  uncertain,  or  called  for  incompatible  responses 
produced  the  greatest  degradation  In  reaction  time. 

Sanford,  James  P.,  Steinkerehner,  Raymond  £. ,  Cantrell,  George  K. , 

Trimble,  Ralph  V.,  and  Hartman,  Bryce  0.  (1971).  Alertnaas.  Fati¬ 

gue.  and  Morale  of  Air  Force  Sentriea.  Brooks  AFB,  TX:  Aerospace 
Medical  Dlv,  (Full  synopsis  in  Appendix  A) . 

Sargent,  Robert  G.  (19BS).  An  axooaitorv  on  verification  and  validation 
of  simulation  models.  Syraouae,  MY:  Syracuse  University. 

Savka,  H.,  Toner,  K. ,  Francesconi,  R. ,  and  Pandolf,  K.  (1983).  Hypo* 
hydration  and  exercise: effects  of  heat  acclimation,  gender,  and 
environment.  Joum.  Aonl.  Phveiol..  J^(4),  1147*1133. 

Schein,  E.H.  (1937).  The  effects  of  sleep  deprivation  on  performance  in 
a  simulated  communication  task.  J.  AppI .  Psvehol . .  247*252. 

(Abbreviated  Synopsis  in  Appendix  B) . 

Schults,  Duane  P.  (1971).  Panic  in  the  Military.  (Technical  report). 
Charlotte:  Dept,  of  Psychology,  University  of  North  Carolina. 

Schu'ilm,  R.C.,  Crumley,  L.M. ,  Coke,  J.S.,  and  Sacha,  S.A.  (1981). 

fftifiglRtlgn  flg  tht  ARI, CriY.fKganainfiB  Modtli-A  final 

(Working  Paper  FSFU  60*6) .  US  Army  Research  Institute  for  the 
Behavioral  and  Social  Sciences. 

Task:  Operating  M109A1  howitzer.  (It's  claimed  that  the  model  also 
applies  to  other  crewed  systems) . 

St-jossors:  Time  to  perform. 

Moes:  Model  deals  only  with  crew  size  as  independent  variable. 

Study  rtf  sleep  loss  offsets  is  a  longer  term  objective. 

Schwarts,  Shepard.  (1968).  Tank  Craw  Effectiveness  in  Relation  to  the 
Supervisory  Behavior  of  the  Tank  Commander.  (Technical  Report 
68*12).  George  Washington  University. 

Task;  Tank  preparation,  tactical  maneuvers  and  target  engagement. 
Stressors:  None. 

Notes;  May  be  of  interest  in  further  understanding  tank  operations. 

Scott,  7.D.  (1984).  How  to  Evaluate  Unit  Performance .  ARI  Presidio  of 

Monterey  Field  Unit. 

Scribner,  B.L. ,  Smith,  A.D.,  Baldwin.  R.H..  and  Phillips,  R.L.  (1986). 
Are  Smart  Tankers  Better?  AFQT  end  Military  Productivity.  Armed 
Forces  and  Society.  12(2). 

Seminara,  J.L.  and  Shavelson.  R.J.  Effectiveness  of  space  crow  perfor¬ 
mance  subsequent  to  sudden  sleep  arousal.  Aerospace  Medicine.  40 . 
723-727. 
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Tank:  Raaponaa  clma/monicorlng  alarm  display,  control  panal  set¬ 
tings,  prasaura  suit  donning. 

Stressors:  Sudden  arousal  from  sleep  during  simulated  5-day  lunar 
mlssior . 

Notes:  All  RTs  were  slower  following  sudden  arousal.  Symptoms  of 
drowsiness  persisted  for  9*12  minutes  after  alarm. 

Shapiro,  Y.  ,  Pandolf,  K. ,  Avellini,  B.,  Pimantal,  N. ,  and  Goldman,  R. 
(1980) .  Physiological  rasponaes  of  men  and  women  to  humid  and  dry 
hear.  J.  Annl.  Phviiol. .  &i(l} ,  1-8. 

Shirom,  A,  (1979).  On  Some  Correlates  of  Combat  Parformance.  Admini- 
scrattvc  Seienea  Quarterly.  21- 

Sldowski,  Joseph  B.  (Ed.)  Behavior  Research  Methods,  Instruments,  & 
Computers,  Journal  of  the  Psvehonomic  Society.  Inc . ■  12(1). 

Notes:  See  various  relevant  articles  in  this  document. 

Siegel,  A.I.,  Wolf,  J.J.,  and  Schom,  A.M.  (1981).  Human  Performance  In 
Centinuoua  Qoerattona:  Dasertnttton  of  a  Simulation  Model  and  Usar*s 
Manual  for  Evaluation  of  Performance  Dearadation.  (ARI  Technical 
Raport  SOS).  Alexandria,  VA:  US  Army  Research  Institute  for  the 
Behavioral  and  Social  Scieneas. 

Task:  Most  critical  tasks  perfomed  by  mechanized  infantry. 
Strsssors:  Extended  time  in  battle,  night  operations  (low  light), 
terrain,  limits  on  sleep,  enemy/friendly  ratio. 

Notes:  This  volume  contains  no  technical  information.  S«e  Vel. 

Ill,  Technical  Supplement.  No  primary  data  except  model 
outputs . 

Siegel,  Arthur  I.,  Leahy,  Vm.  Rick,  and  Wolf,  J.  Jay.  (1978).  Human 

gurfaniBnct  ittinvti:  Curvtg.  fo];.  Ubi  in-Jda-gflaigmf..ilBYBl  SyREBtaa. 

Wayne,  PA:  Applied  Psychological  Services. 

Stressors;  Hours  worked,  work  load. 

Notes:  Purports  to  present  tradeoff  curves  for  various  variables 
including  hours  worked  and  maximum  stress.  Based  on  model 
outputs . 

Siogel,  Arthur  I.,  Pfeiffer,  Mark  G.,  Kopstein,  Felix  F. ,  and  Wilson, 
Lawrence  C.  (APS);  Ozkaptan,  Halim  (ARI).  (1979).  Human  Perfor¬ 
mance  in  Continuous  Onarattona:  Volume  I. _ Human  Perfomance  Guide- 

linos .  U.S.  Army  Research  Institute  for  the  Behavioral  and  Social 
Sciences,  Research  Product  80*4a.  (Full  Synopsis  in  Appendix  A). 

Siegel,  Arthur  I.,  Pfeiffer,  Mark  G.,  Kopstein,  Felix,  Wolf,  J.  Jay,  and 
Ozkaptan,  Halim.  (1980).  Human  Performance  in  Continuous  Onera- 

CiflM.  VbIwIM  hi. _ Technical  Documentation  Wayne,  PA:  Applied 

Psychological  Services  Inc.  (Full  synopsis  in  Appendix  A). 

Siegel,  Arthur  I.,  Volf,  J.  Jay,  and  Lautman,  Martin  R.  (1974).  A  Modal 
for...Pgedlctina  Intearated  Man-Machine  System  Reliability:  Model 
Logie -and  Deaeriotlon.  Wayne,  PA:  Applied  Psychological  Serv'Icas. 
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Task;  Various  •  noc  daacribad. 

Straaaort:  Hours  sines  last  tlasp,  physical  sffort  rsqulrsd  by 
tasks,  hours  availabls  for  racovsry. 

Notts.  Primary  data;  none  sxctpt  as  pertains  to  model.  Fatigue 

function  based  on  Klaitman  (1963);  tie  to  performance  seems 
vague. 

Simonov,  F.V. ,  Flolov,  M.V.,  Evtushenko,  V.F. ,  and  Sviridov,  E.F.  (1977, 
Sevtsmber) .  Effect  of  emotionel  stress  on  recognition  of  visual 
patterns.  Aviation.  Snaee  and  Environmental  Medicine.  856-858. 

Task;  Perception  of  signal  and  non-signal  dot  patterns,  each  ex¬ 
posed  for  2  seconds. 

Stressors;  Anticipation  of  parachute  Jump. 

Notes:  Relates  to  fear  stress.  Increase  in  perceptual  errors  as 
jump  time  approaches. 

Simons,  David  C.,  Prather,  Uealey,  and  Coombs,  Franklin  .  (1965).  The 

peraonalired  telemetry  medical  monitor ins  and  performance  data- 
gathering  system  for  the  1962  SAM-MATS  faticue  study.  Brooks  Air 
Force  Base,  TX;  USAF  School  of  Aerospace  Medicine. 

Task;  Flying  aircraft  simulator. 

Stressors;  24  hour  flight. 

Notes;  Report  contains  mostly  a  description  of  the  instrumenta¬ 
tion  •  no  performance  data. 

Snook,  S.  (1971).  The  effects  of  age  and  physique  on  continuous -work 
capacity.  Human  Factors.  11(5),  467-479. 

Snook,  S,,  and  Ciriello,  V,  (1974,  November).  The  effects  of  heat  stress 
on  manual  handling  tasks.  Am.  Ind.  Hvg.  Assoc.  J..  33.  681-685. 
(Abbreviated  Synopsis  in  Appendix  B). 

Snook,  S.  end  Irvine,  C.  (1967).  Maximum  acceptable  weight  of  lift.  Am. 
lal>  HyEa„Aiiac..»L,.  21,  322-329. 

Stressors;  Continuous  performance  of  physical  tasks.  Tote  box 

height  and  weight  varied;  lifting  frequency  determined 
by  subjects. 

Tasks:  Arm  and  leg  lift  tasks. 

Results;  Mean  heart  rate  should  not  exceed  112  beats/min  for  leg 
tasks  ard  99  beats/min  for  arm  tasks.  Study  served  as  a 
validatiin  for  psychophysical  technique. 

Snook,  S.  and  Irvine,  C.  (1968).  Maximum  frequency  of  lift  acceptable 
to  male  Industrial  workers.  Am.  Ind.  Hvy.  Assoc.  J..  21,  531-536. 
(Abbreviated  Synopsis  in  Appendix  B) . 

Snook.  Stover  H,,  and  Irvine,  Charles  H.  (1969).  Psychophysical  Studies 
of  Physiological  Fatigue  Criteria.  Hunan  Factors.  11(3),  291-300. 

Task;  Box  lifting,  shoe  making. 

Stressors;  Work  as  hard  as  you  can  without  becoming  tired.  ' 

Notes;  Primarily  a  physiological  study  with  limited  work  periods. 
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Soula,  R. ,  and  Goldman,  R.  (1969).  Enargy  coat  of  loads  carried  on  the 
head,  hands,  or  feet.  Journal  of  Applied  Physiology.  22(3),  587- 
690.  (Abbreviated  Synopsis  in  Appendix  0). 

Soule,  R.,  and  Goldman,  R.  (1973).  Facing  of  intermittent  work  during  31 
hours,  Medicine  and  skence  in  Snorts.  2(2),  128-131.  (Full  Syn¬ 
opsis  in  Appendix  A) . 

Soule,  R.,  Pandolf,  K. ,  and  Goldman,  R.  (1978a).  Energy  expenditure  of 
heavy  load  carriage.  Ergonomics .  2i(S)*  373-381.  (Abbreviated 
Synopsis  in  Appendix  B) . 

Soule,  R. ,  Pandolf,  K. ,  and  Goldman,  R.  (1978b).  Voluntary  march  rate  as 
a  measure  of  work  output  in  the  heat.  Ergonomics .  21(8) •  455-462. 
(Full  Synopsis  in  Appendix  A). 

Spencer,  M.B,  (1987).  The  influence  of  irregularity  of  rest  and  acti¬ 
vity  on  performance:  a  model  based  on  time  since  sleep  and  time  of 
day.  Ergonomics .  2fi(9),  1275-l<.,.i. 

Stern,  J.A.  (1970).  The  Effect  of  Fatigue  on  Visual  Search  Aetivitiaa. 
(Final  Report  Contract  Ko.  DA  49193MD271S) .  St.  Louis,  HO; 
Vashington  Univ. 

Sternberg,  Jack  J.,  and  Hardy,  Guthrie  D. ,  Jr.  (1962).  Survey  of  Human 
Factors  in  Armored  Vehtcles  Ooeration.  Washington,  DC;  Army  Per¬ 
sonnel  Research  Office. 

Task;  Operate  tanks  and  other  armored  vehicles  for  extended 
periods. 

Stressors;  Heat,  noise,  vibration,  bouncing,  cold,  confinement, 
iaolation,  sensory  dsprlvstion,  danger. 

Notes;  Though  out  of  dete  providss  good  ovsrvisw  of  stressors 

liksly  to  sffset  tank  craw  psiformincs.  No  date.  Essenti¬ 
ally  a  plan  for  further  reeearch. 

Stokse,  J.U,,  Benderet,  L.E.,  Frencesconi,  R.P.,  Cymermen,  A.,  end 

Sampson,  J.B.  (1975).  Ths  Field  Artillery  Fire  Direction  Canter  sv 
e  Laboratory  and  Field  Stress -performance  Model,  In:  AGARD 
Conferance  Procaadinga  No.  IBQ  on  The  Rola  of  tha  Clinical  Labora¬ 
tory  in  Asroanace  Madieina.  (Abbreviated  Synopaie  in  Appendix  B) . 

Storm,  U.F.,  6i  Gray,  S.F.  (1978).  Mlnutaman  mlastla  craw  fatigue  and 
24-hQur  alarts.  (Aerospace  Medical  Division  AFSC,  Report  SAM-TR- 
78-19).  Brooks  Air  Force  Base,  Texas;  USAF  School  of  Aerospace 
Madleine. 

Task:  Mlnutaman  crew  taaka  -  not  daaoribed.  No  performance 

meesurss . 

Streseore;  24  hr  on-duty  periods,  catching  ilasp  whan  can.  Average: 
3.9  hrs  alsep. 
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Notes;  Authors  conclude  moderate  fatigue  &  physiologic  cost  present 
at  end  of  24  hrs.  They  state  that  this  vas  not  severe 
enough  to  cause  decrement  in  crew  effectiveness.  There  were 
no  performance  measures. 

Storm,  William  F.  (1983).  Aircrew  fatigue  during  extended  transport, 
tactical  and  command  post  operations.  In:  ACARD  Conference  Pro- 

cttdini;i  Ma.  338.  SmtitLPdd'lnttnilYt  Air .OgtigtloM; _ Phyiiolggtcfll 

and  Performance  Aspects. 

Task:  Flying  various  aircraft  missions;  airborne  eommand'post 
operations , 

Stressors;  Various  sustained  missions,  up  to  30  hrs  in  duration. 
Notes:  All  aircrewmen  received  more  sleep  than  infantry  or  armor 
personnel  are  likely  to  get.  Ferformanoe  on  the  30  hr 
command  post  mission  was  not  suggestive  of  compromise  al¬ 
though  severe  levels  of  fatigue  were  reported  at  end  of 
mission  (no  performance  data). 

Storm,  William  F.  (1980).  E-4B  Crew  Fatigue  Associated  with  3Q-Hour 
lOT&E  Mission.  Brooks  AFB,  TX:  School  of  Aerospace  Medicine. 

Task;  No  performance  measures. 

Stressors;  30  hrs  continuous  flying  and  C&C  operations. 

Notes;  Author  concludes  crew  was  effective  for  30  hrs  based  on 
subjective  ratings  and  physiological  measures.  However, 
extreme  fatigue  was  evidenced  inadvertantly  after  conclusion 
of  the  mission.  No  performance  measures. 

Swank,  R.L.  (1949).  Combat  Exhaustion:  A  Descriptive  and  Statistical 
Analysis  of  Causes,  Symptoms  and  Signs.  J.  Nerv.  Ment.  Pis. .  1Q9. 
475-308. 

Task;  N/A  •  A  review  of  combat  exhaustion  cases  in  WWII. 

Stressors;  Prolonged,  severe  combat. 

Notes;  Relevance  to  our  concerns  only  if  allowance  is  to  be  made 
for  loss  of  personnel  due  to  combat  exhaustion  as  con¬ 
sequence  of  high  casualty  rates  with  which  it  is  associated. 
Swank  postulates  the  interesting  view  that  emotional  tension 
resulting  from  a  requirement  for  sustained,  complete 
alertness  is  a  more  fundamental  cause  of  combat  exhaustion 
than  fear  of  death  or  mutilation. 

Symonds,  Charles  F.,  and  Williams,  Denia  J.  (1979).  Clinical  and 

statistioal  study  of  neurosis  precipitated  by  flying  duties.  In: 
Alrcraw..  Stress  in.  Wartime  Operations .  Paoera  from  the  Flving 
Personnel  Research  Committee  of  the  Ministry  of  Defense.  London : 
Acadamio  Press.  (Based  on  1943  report). 

Symonds,  Charles  P. ,  and  Williams,  Denis  J.  (1979).  The  psychological 
aspects  of  air  sickness.  In;  Aircrew  Stress  in  Wartime  Operations. 
Papers  from  the  Flvine  Personnel  Research  Committee  of  the  Ministry 
of  Defenaa.  London;  Academic  Press.  (Based  on  1944  report). 
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Taub,  J.H.  &  Berger,  R.J.  (1973).  Perfomance  and  mood  following  varia¬ 
tions  in  the  length  and  timing  of  sleep.  Pavchonhysioloav .  10. 
559-570. 

Task;  Addition  (Experimental -paced) ,  vigilance  (auditory). 
Stressors:  Shifts  frcm  normal  time  of  sleep,  sleep  deprivation  (5 
hrs  allowed) . 

Notes;  Sleep  loss  minimal. 

Taub,  J.M.  and  Berger,  R.J.  (1974).  Acute  shifts  in  the  sleep- 

wakefulness  cycle;  Effects  on  perforuance  and  mood.  Psvcho somatic 
Medicine.  164-173. 

Tebba,  R.B.  (1972).  Peat -awakening  visualization  performance  as  a  func¬ 
tion  of  anxiety  level.  REM  or  NREM  aleee.  and  time  of  night.  (Re¬ 
port  No.  TR-72-00S).  U.S.  Air  Force  Academy,  CO:  Seiler  Research 
Lab. 

Technical  Cooperation  Program,  Subcommittee  on  Non-Atomic  Military 

Research  and  Development.  (1974).  Human  Performance  and  Military 
Capability  in  Continuous  Operations.  (Note;  Distribution  limited 
to  U.S.  Gov't  agencios  only). 

Telchner,  W.H..  and  Olson,  D.E.  (1971).  A  preliminary  theory  of  the 
effects  of  task  and  environmental  factors  on  human  performance. 

Human  Factors.  1^(4),  295-344. 

Tepas,  Donald  I.  (1984).  SfliHS  F 9 Ut kani,h3iB a. hfttwt an. . bBhBVlSIgJ-. ,ar,d 

BhYitglgeUil  mtnuyu  duElng . i  48:hgur  ptrUd  of  hflgfluiwnt. 

Honeywell. 

Task;  Reaction  time,  visual  discrimination,  time  estimation. 
Stressors:  High  intensity  auditory  stimuli. 

Notes;  No  results  presented.  Much  of  copy  received  is  illegible. 

Terry,  R.A. ,  Kern,  F.J.,  Nickel,  J.A.,  and  Palmer,  J.D.  (1984).  Adaptive 
Processaa  used  in  effects  modeling.  Univ.  of  Oklahoma. 

Task:  N/A  -  concerns  an  attempt  to  model  effects  of  noa-nucie.\r 
weapons . 

Stressors;  Enemy  bombing. 

Notes;  Possibly  of  use  to  modelers. 

Tharp,  V.K.  (1978).  Sleep  loss  and  stages  of  information  procesalng. 

Waking  and  Sleeping.  29-33  and  NHRC  Report  No.  77-43.  San  Diego, 
CA. 


Task;  Visual  reaction  time,  with  dlffereitt  levels  of  stimulus 
discriminability,  compatibility,  uncertainty. 

Stressors:  One  night's  sleep  deprivetion. 

Motel ;  One  night's  sleep  loss  produced  lapses  in  performance  and  a 
slowing  of  response  selection  process. 
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Thompson,  Hsnry  1.  (1983).  Slssp  loss  and  its  cffact  in  combat, 

tlilitftgy  RBYIBW.  1^*22- 

Task;  Combat  cffactivanata  ganarally.  This  is  an  assay. 

Sc.assors;  Siaap  loss. 

Nctas:  Usoful  in  that  raflacts  soma  thinking  at  Army  Command  Staff 
Collaga,  Ft.  Leavanworth,  Soma  usaful  daseription  of 
currant  Soviat  doctrina  for  ecntinuous  oparations. 

(Suggastion  that  Rangax  School  might  ba  good  sourca  of 
obsarvation. ) 

Thoma,  D.R.,  Gansar,  S.C.,  Singa,  H.C.,  &  Hagga,  F.V.  (1983).  Plumbing 
human  parformanca  limits  during  72  hours  of  high  task  load. 
Proeaadtngs  of  tha  2Ath  Dafanea  Rasaareh  Group  Samlnar  on  tha  Human 
as  a  Limiting  Elamant  In  Military  Svatams.  Toronto,  Canada:  NATO 
Dafanea  Raa.  Grp.  (Full  Synopsis  in  Appendix  A). 

Toomapuu  Jurl  (1981) .  Soldlar  Capability  -  Army  Combat  Effactlveness 

(SCACE).  Voluma  II. _ Selected  Bibliography.  Fort  Benjanin  Harrison, 

IN:  Arm.  Soldier  Support  Canter. 

Torre,  J/P.  and  Kramer,  R.R.  (1966).  Tha  Effects  of  Stress  on  .the 
Parformanca  of  Rifleman.  (Tech  Memo  5*66) .  aberdaan  Proving 
Ground,  Maryland:  Human  Enginoaring  Laboratories.  (Abbreviated 
Synopsis  in  Appendix  B) . 

Tritas,  O.K.,  and  Sails,  S.B.  (1957),  Combat  Performance:  Measurement 
and  Prediction.  Journal  of  Applied  Psveholoiiy.  ^ti(2) . 

Troxler,  Raymond  (Ed.).  (1975).  The  Role  of  tha  Clinical  Laboratory  in 

Aerospace  Medicine.  Conference  Procaadlnys .  No.  180. 

Trumbull,  R.  (1966).  Diurnal  cycles  and  vork-rest  scheduling  in  unusual 
environments.  Human  Factors.  £,  385*398. 

Tsanava,  N.  and  Maskov,  S.  (1'.'71).  A  model  of  fatigue.  Ergonomics . 
14(1).  11-16. 

Task:  None. 

Stragsors:  Nona. 

Notes:  Presents  a  model  of  biochemical  and  physiochamical  fatigue. 
No  data. 

TyLurat,  J.S.  (195C).  behavior  Under  Stress.  Paper  No.  19.  Ottawa, 
Canada:  Defense  Rr search  Board. 

Task:  N/A  (Adaptive  response  to  disasters). 

Stressors:  Community  disasters,  (e.g.,  fires,  floods). 

Notes:  A  discussion  paper  on  methods  of  field  study  with  people  who 
are  victims  of  natural  disasters. 

Tziner,  Aharon,  and  Eden,  Dov.  (1985).  Effects  of  tank  crew  composition 
on  crew  performance:  Does  the  whole  equal  the  sum  of  its  parts? 
Journal  of  Applied  Psychology.  211(1),  85-93. 
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U.S.  Army.  (1963).  Catalog  of  Army  War  Camei  and  Models.  Washington, 
DC;  Daputy  Chiaf  of  Staff  for  Military  Oparatlons. 

U.S.  Amy.  ARTEP  17 -3S  (Armor):  Excamta.  U.S.  Amy. 

U.S.  Army.  MI  Tank  Tachnical  Manual.  TM  9-2350-26'*40-2 .  HQ  Dapt.  of 

Amy. 

U.S.  Amy.  (1987).  Continuoui  Ooaratlona  Study  (CdNQPS)  Final  Raoort. 
Fort  t^avanworth,  KS:  Coablnad  Ama  Combat  Davalopmant  Activity, 
Forca  Oaaign  Dlraetorata. 

U.S.  Amy.  (1969).  Infantry  Rlfla  Unit  Study  Phaaa  IIB-X  (IRUS  70-75) . 

Extandad  Duration  Ftald  Exnartmant  (  "Inal  Ranort) . _ Vfllunt  IL. 

Tachnical  Supalamant.  Fort  Ord,  CA;  Combat  Davalopmantj  Expari- 
mantatlon  Command. 

yotaa;  Data  not  ralayant  to  fatigua. 

U.S.  Amy.  Managamant  of  Strata  In  Army  Operations.  Fiaid  Manual  26-2. 
Fort  Banjamin  Harrison,  IH:  Unitad  Stataa  Amy  Soldiar  Support 
Cantar. 

Task;  Managa  atrass  of  aoldlars  in  combat  anyironmnnt 
Straaaora;  Fatigua,  mantal  atraaa,  low  light  layala,  NBC  warfare, 
isolation,  day/night  rhythms,  ate. 

Kotas:  Handbook  on  stress  managamant.  Probably  baaad  on  Siegel's 
work  (sea  synopses). 

U.S.  .Amy  TRASANA.  (1985).  TRASANA  Aralvaic  in  support  of  the  manage¬ 
ment  of  slaao  and  stress  in  continuous  operations  (MQSSICQ)  study. 
(Distribution  of  report  is  limited) .  US  Amy  TRADOC  Systems 
Analysis  Actiyity.  (Abbrayiatad  Synopsis  in  Appendix  B) . 

U.S.  General  Accounting  Office.  (1936,  July).  National  Training 

Center's  Fotantial  Has  Not  Bean  Realized.  National  Security  and 
International  Affairs  Division.  Report  to  the  Secretary  cf  the 
Amy.  Washington,  DC. 

Ursin,  H. ,  Crahusledt,  S.,  and  Hansen,  1.,  Myhra,  K. ,  Opstad,  P.K. , 

Walthar,  B.  and  Anderson,  H.  (1983).  Attention,  Parfomanca  and 
Sustained  Activation  in  Military  Air  Traffic  Controllers.  In:  AGARD 
Confaranca  Procaadinas  No.  338.  Sustained  Intensive  Air  Operations: 
Physiological  and  Parfomanca  Aanaeta. 

Task:  Cround-controllad  interception  axarcisa  involving  two  fighter 
aircraft. 

Stressors;  45  to  60  minutes  of  continuous  control  parfomanca. 
Notes;  Tha  concern  of  this  study  was  mora  with  measurable  stress 
response  than  with  fatigue. 

Van  Nostrand,  Sally  J .  (1986).  Modal  Effactivanaaa  as  a  Function  of 

Personnel  fME  -  f(PER)1.  Bathasda.  MD;  US  Army  Concepts  Aralysis 
Agency.  (Abbravlatad  Synopsis  in  Appendix  B) . 
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Van  Noitrand,  Sally  J.,  and  Aldaman,  Irving  N.  (1966).  Human  Para- 

matara  In  Thaatar-Laval  Combat  Modala  U.S.  Anav  Concenta  Analysis 
Afanev.  BathaacU,  Maryland. 

Task:  Combat  ganarally. 

Straaaora:  Lowar  aptltuda  paraonnal,  auatainad  eparatlona,  haat. 
Metaa:  MORS  aympoalum  papar  promoting  davalopmant  and  uaa  of  par* 
gorlthiM  in  combat  modala.  Not  aa  complata  aa  Van  Noatrand, 
1986. 

Vandarvaan,  Bart.  (1984).  World  Diractorv  of  Modam  Military  Vahiclaa. 
Argo  Publiahlng  Co, 

Wagnar,  M. ,  andKunz,  E.  (1986).  Davalopmant  of  a  aoldlar  load  aaaaaa* 
mant  machodologv.  Andovar,  HA:  Dynamica  Raaaarch  Corporation. 

(Full  Synopaia  in  Appandlx  A). 

Wallaca,  J.R.  (1982).  Tha  Cldaon  Crltarlon:  Tha  Effacta  of  Salaetlon 

Crltarla  on  Saldiar  Capabllltlai  and  Battla  Raaulta.  Fort  Sharldan, 
IL:  U.S.  Army  Raeruitlng  Command,  Raaaarch  Studlaa  and  Evaluation 
Olvlalon. 

Uarnick,  W.V. ,  Kubala,  A.L. ,  Makay,  J.L, ,  and  Ton,  W.H.  (1979).  Study 
of  Paveholoaical  ^and  aaaoelatad  phyaloloaical)  Effacta  on  a  Tank 
Craw  Raaulglna  from  Balna  Buttonad  Up.  ARl  Raaaarch  Problam  Ravlaw 
76*13  USARI. 

Taak:  All  tank  erav  taaka  (not  apaclfleally  atudiad) . 

Straaaora:  Continuoua  oparatlona,  conflnamant  to  buttonad  up  tank. 
Nstav;  Daapita  tha  titla,  authora  praaant  no  data  on  affacta  of 
buttoning  up,  but  almply  apaeulata  on  what  thay  might  ba. 
Thay  concluda,  almply  from  a  lltaratura  ravlaw  that  tank 
crawa  can  function  continuoualy  In  tha  opan  hatch  moda  for 
48  hra  with  no  dagradation  In  parformanca.  Thia  la  baaad  on 
Alnaworth  &  Blahop  (aaa  aynopaia  and  critlqua  of  that 
atudy) . 

Uarran,  N,,  &  Clark,  B.  (1937).  Blocking  In  mantal  and  motor  taaka 
during  a  65-hour  vigil.  J .  Exp  Paychol . .  97*105. 

Taak;  Altamata  addltlon/aubtraction.  color  naming,  tapping. 
Straaaora;  65  hra  without  alaap. 

Notaa:  Mantal  blocking  la  wall  documantad,  Faw  aubjacta,  Taata 
not  fraquant  or  long  anough  to  ahow  parformanca  dacramanta. 

Waahbuma,  N.E.  (1958).  Evaluation  of  Thlrtaan  Raporta  Praoarad  bv 

Paveholcalcal  Raaaarch  Aaaoclataa.  Inc.  (CORG-A-76).  Ft.  Balvolr, 
VA;  Combat  Oparatlona  Raaaarch  Croup. 

Taak:  Eatlmata  dangarouanaaa  from  cuaa  to  anamy  flra. 

Straaaora;  Dlffarant  klnda  of  amall  arma  flra. 

Notaa:  Flrat  ayatamatlc  axparlmantal  atudiaa  of  paychologlcal 
affacta  of  varioua  klnda  of  amall  ama  flra,  Appandlx  V 
contalna  aynopaaa  of  Intaraat. 
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Webb,  W.B.  «nd  Agnav,  H.V.  (1973).  Effacta  on  parformanca  of  high  and 
low  enargy<^axpandltura  during  slaap  deprivation.  Perceptual  and 

tigfiflr  amii.  il,  511-S14. 

Taak;  Word  maaory,  addition,  vigilance  (auditory),  plus  seven 
(spaed  of  self  paced  nental  addition). 

Stressors:  2  nights  sleep  deprivation,  paddallng  exercise  bicycle 
with  2.5Kg  load. 

Notes:  No  differential  effects  of  physical  exercise  but  this  laotad 
only  15  ainutes.  Sleep  loss  had  the  usual  negative  effects 
on  additions  and  vigilance. 

Webb,  V.B.,  &  Agnew,  H.U.,  Jr.  (1974).  The  effects  of  a  chronic  limits* 
tion  of  sleep  length.  Psvehophve 1 o lo yv .  U,  265*274. 

Task;  Vigilance  (auditory),  addition,  word  memory,  grip  strength. 

Stressors:  Sleep  limited  to  51/2  hrs  for  SO  days. 

Notes:  Authors  conclude  that  chronic  sleep  loss  of  2  1/2  hrs  does 
not  have  major  behavioral  consequences.  However,  their 
testing  times  were  very  short  (30  min)  and  were  administered 
only  once  a  day,  in  AN. 

Webb,  Wilse,  B.  (1985).  Experiments  of  extended  performance;  roped* 
tion,  age,  and  limited  sleep  periods.  Psyr’^onomic  Society,  Inc.  In 
Behavior  Research  Methods.  In-truments  &  Computers.  11(1). 

(Abbreviated  Synopsis  in  Appendix  B) . 

Vodderbum,  Alexander  A. I.  (1987).  Sleeping  on  the  Job:  the  use  of 

anecdotes  for  recording  rare  but  serious  events.  ££ggQsnl£A,  IQ(9), 

1229*1233. 

Vegmann,  and  Klein.  (1983).  Circadian  Rhythms  and  Sustained  Operations, 

In:  AGARD  Conference  Proceedings  No.  338. _ Sustatned  Intensive  Air 

Qjmratlpnfl:  ■■PhY.slQlaatcal  and  Perfomanee  aspects . 

Task;  Not  applicable  •  general  discourse  on  effects  uf  circadian 
rhythms  on  performance. 

Stressors:  Sustained  oparations. 

Notes;  Oiscusses  other  factors  (task  varicblrs,  porsonallty,  moti¬ 
vation,  physical  activity)  that  influence  circadian  effects. 

Ueitz,  Joseph.  (1966).  Stress .  Institute  for  Defense  Analyals,  Re¬ 
search  paper  P-251. 

Weitzman,  Donald  0.  (1979).  A.autvflv  of  come  f.uman  factera  problems  in 

niaht  operattans.  U.S.  Ara^  Institute  for  the  Behavioral  and  Social 
Sciences , 

West,  V.,  and  Parker,  J.F.  Jr.  (1575).  A  Review  of  Recent  Literature : 

Measurement  and  Prediction  of  Operational  Fatiaue .  Ft\ Is  Church , 

VA;  Bioteohnolo.gy  (AO  A0C8  405). 

Task:  Non-specific.  j 

Stressors;  Long-term  operations. 
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Notes:  Review  of  fatigue  concept  &  corrollary  variables.  Annotated 
references.  No  particularly  new  insights. 

Vherry,  R.J.,.  and  Curran,  F.M.  (1965).  A  Study  at  Some  Dateminars  of 
Paveholofioal  Streaa.  Pensacola,  Florida:  U.S.  Naval  School  of 
Aviation  Hedlelna.  (Abbreviated  Synopsis  In  Appendix  B) . 

Wilkinson,  R.P.  (1958).  The  effect  of  sleep  loss  on  performance. 

(Report  No.  323).  Caabridge,  England:  Applied  Psychology  Research 
Unit,  Hedical  Research  Council,  pg.  36.  (Abbreviated  Synopsis  in 
Appendix  B). 

Wilkinson,  R.T.  (1960).  The  effects  of  lack  of  sleep  on  visual  watch* 
keeping.  Quartatlv  Journal  of  Experimental  Peveholoav.  H,  35-40. 
(Abbreviated  Synopsis  in  Appendix  B). 

Wilkinson,  R.T.  (1961).  Interaction  of  lack  of  sleep  with  knowledge  of 
results,  repeated  testing,  and  individual  differences.  J.  Exp. 
Pavchol..  £2.  263*271. 

Task:  5 -choice  serial  reaction. 

Stressors;  30  hrs  without  sleep. 

Notes;  Feedback  and  knowledge  of  results  greatly  reduced  adverse 

performance  effects.  Adverse  effects  increased  over  6  week 
period  of  testing,  probably  because  of  reduced  novelty  of 
both  test  and  stress  condition.  The  same  men  shoved  the 
most  performance  impairment  in  3  independent  assessments. 

Wilkinson,  Robert  T.  (1963),  Aftereffect  of  Sleep  Deprivation.  J . 

Exnet  :..encal  Paveholoav.  £2.  439-442. 

Task;  Vigilance  (visual),  S*choice  serial  RT. 

Stressors;  34  hours  without  sleep  on  the  2nd  night  previous  to  the 
watch. 

Notes:  Aftereffect  was  greatest  in  the  morning;  subjects  traded 
speud  for  accuracy. 

Wilkinson,  R.T.  (1964),  Effects  of  up  to  60  Hours'  Sleep  Deprivation  on 
Different  Types  of  Work.  Ergonomics.  2- 

Task:  Serial  choice  RT,  vigilance  (visual),  card  sorting,  rote 
laarning,  various  games. 

Stressors:  Up  to  60  hrs  awake,  4  1/2  hre  testing  •  1  1/2  hrs  resting 
(no  sleep)  in  a  repeated  cycle. 

Notos:  Concludes  that  tnsk  interest  and  task  complexity  greatly 
affect  amount  of  performance  degradation. 

Wilkinson,  R.T.  (1963).  Sleep  Deprivation.  In  O.G.  Edholm  and  A. 
Baoharech  (Eds.),  The  Phvaioloav  of  Human  Survival.  New  York: 
Academic  Press,  399*430. 

Wilkinson,  R.T.  (1969a).  Sleep  Deprivation:  Ferformanoe  Tests  for 
Partial  and  Selective  Sleep  Deprivation.  Progress  in  Clinical 
gByfibfllftgy.  A.  28*43. 
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lAsk:  Chole*  raucclon  tim*,  vigilanc*. 

St:r««iori:  Sleep  deprivation. 

Notes;  Emphasises  iapertanee  of  performance  teats  being  more  chan  a 
few  minutes  in  length  if  effects  of  sleep  deprivation  are  to 
be  shown. 

Wilkinson,  R.T.  (1969b).  Some  factors  influencing  the  effect  of  an* 

vironmental  stressors  upon  performance,  Paveholoaical  Bullaein.  21, 
260-272. 

Wilkinson,  R.T.  (1969e).  Loss  of  Sleep.  Proeaadinfa  of  the  Roval 
SflflUty  flg.Htdifllnt.  901-908. 

Task:  Vigilanea,  calculation  of  sums. 

Stressors:  Up  to  total  loss  of  sleep  on  one  or  two  nights.  Con¬ 
tinuous  work. 

Notes:  When  aleep  reduced  to  2  hrs  night  or  5  hrs  on  2  succasaiva 
nights,  performance  efficiency  falls  significantly.  100  hra 
of  aleep  deprivation  commonly  produces  psychotic  symptoms, 
paranoia  &  delusions.  This,  then  is  some  kind  of  upper 
limit. 

Wilkinson,  R.T.  (1972).  One  Stress  on  Top  of  Another.  New  Society. 
72-75. 


Task;  5-cholce  serial  RT. 

Strassors;  Sleep  deprivation  (30  hrs)  low  incentive  (no  knowledge  of 
results),  noise,  alcohol. 

Notes;  One  of  few  articles  on  stressor  interactions. 

Wilkinson,  R.T.,  and  Stratton,  M.  (1971).  Performance  after  awakening 
at  different  times  of  night.  Pavchonomie  Science.  21i  283-385. 

Wilkinson,  R.T. ,  Edwards,  R.S.,  and  Harris,  E.  (1966).  Performance 
Following  a  Night  of  Reduced  Sleep.  Pavchonomie  Science. 

471-472. 

Task:  Vigilance  (auditory),  addition  (speed  &  errors). 

Stressors:  2  sleepless  working  days,  preceded  by  0,  1,  2,  3,  5,  or  7 
1/2  hrs  sleep  the  night  before. 

Notes:  Less  than  5  hrs  sleep  on  a  single  night  impaired  vigilance; 
less  than  3  hrs  impaired  calculation. 

Williams,  H.L. ,  Gieseking,  C.F. ,  and  Lubln,  A.  (1966).  Some  effects  of 
sleep  loss  on  memory.  Percept.  Motor  Skills.  2ii  1287-1293.  (Ab¬ 
breviated  synopsis  in  Appendix  B) . 

Williams,  H  L. ,  Lubin,  A.,  and  Coodnow,  J.J.  (1959).  Impaired  perfor¬ 
mance  with  acute  sleep  loss.  Psveholoaleal  Monographs:  General  gnd 
ABBliid.  11' 

Task;  Raaotion  time,  adding,  communication,  concept  attainment, 
vigilance,  information  learning. 

Stressors:  Sleep  loss;  74-98  hours. 

Notes:  Vary  comprehensive  study. 
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UllllABS,  Harold  L.  (1967).  Speadad  addition  and  aleap  loss.  Journal 
of  Exoarlmantal  Paveholoftf.  21(2).  313-317. 

Talk;  Addition,  with  varloui  apaad  loada. 

Straaaora;  64  hri  without  alaap. 

Notai:  Xapalmant  vai  a  ■ultlpllcativa  function  of  apaad  load  and 
■laap  loaa.  Vary  abort  taating  tlnaa. 

Vlllltoa,  Robart  C.  (1987).  Tha  uaa  of  Modala  in  Huaan-Coaputar  Intar- 
faoa  Dailgn.  Btfonoalei .  1^(3),  491-902. 

Woodward.  Donald  P.  and  Nalaon,  Paul  D.  (1974).  A  Uaar  Qrlantad  Ravlaw 
of  tha  Lltaratura  on  tha  Effaeca  of  Slaao  Loaa.  Work  Raat  Sehadulaa. 
and  Raoovarv  on  Parformanea.  Arlington.  VA:  Offlca  of  Naval 
Raaaareh.  (Full  Synopala  In  Appandlx  A). 

Wyndham,  C.,  Scrydom,  N.,  Horrlaon,  J..  du  Tolt,  F. ,  and  Kraan,  J.  (1954, 
May) .  Raaponaai  of  unaecllmatlzad  man  undar  atraaa  of  haat  and 
work.  J.  APBl.  fbyitflli.  i.  681-686. 

Yarnold,  K.  (1991).  Faar  In  Battle.  Dunlap  &  Aaaoclataa . ,  Inc. 

Zlmolong,  Bamhard.  Nof,  Shimon  Y. ,  Ebarta,  Ray  E. ,  and  Salvandy, 

Gavrlal.  (1987).  On  tha  Limlta  of  Expart  Syatama  and  Englnaarlng 
Modala  In  Procaaa  Control.  Bahavlour  and  Information  Tachnologv. 
4(1).  15-36. 
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